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@ Biodegradable film dressing and method for its formation. 



@ The invention is directed to a biodegradable film 
dressing with or without additional therapeutic 
agents, an apparatus for spray delivery and a meth- 
od for formation of the film dressing on a human or 
animal tissue. The film dressing is formed from a 
liquid composition of at least one 
biodegradable/bioerodible thermoplastic polymer in a 
pharmaceutically acceptable solvent. The spray ap- 
paratus includes a vessel containing the liquid com- 
position with a dispensing means. The film is formed 
by dispensing, preferably by spraying, the liquid 
composition onto a tissue site and contacting the 
liquid composition with an aqueous based fluid to 
coagulate or solidify the film onto the human or 
animal tissue. The biodegradable film can be used 
to protect and to promote healing of injured tissue 
and/or to deliver biologically active agents. 
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Background 

Coverings or dressings applied to the surface 
of human or animal tissues can be used to protect 
tissue injuries, to deliver pharmaceutical or thera- 
peutical agents and to promote wound healing. In 
the case of conventional therapy for most surgical 
and trauma wounds, including burns, one stage of 
treatment requires a semi-permanent covering or 
dressing. The purposes of this dressing can in- 
clude mechanical protection of the wound, preven- 
tion of microbial contamination, prevention of 
wound dehydration, removal of wound exudate, and 
delivery of high local levels of a therapeutic agent. 
As wound treatments vary depending on the type 
and severity of the wound, several natural and/or 
synthetic dressings have been developed for short 
and long-term application. However, most of these 
dressings have one or more disadvantages includ- 
ing the need for frequent removal, difficulty in 
adhesion, improper mechanical properties, or dif- 
ficulty In application. 

Most currently available topical therapeutic for- 
mulations used with dressings are inefficient. This 
inefficiency results because of loss of the therapeu- 
tic agents through perspiration and mechanical ac- 
tion, inability of the agent to penetrate skin and 
mucous membranes, and crystallization or precipi- 
tation of the agents at the tissue site. Some topical 
therapeutic formulations are incorporated into the 
materials forming the dressings to be applied as 
patches, preformed sheets or by spray. More typi- 
cally, wound coverings or dressings are used with 
ointments of a topical antibiotic and/or antifungal 
formulations. Whether used with or without dres- 
sings, topical formulations in the form of creams, 
ointments or liquids are difficult to apply and main- 
tain at the injury site. They are rapidly removed by 
mechanical action and/or body fluid dissolution. If 
used in combination with a dressing, therapeutic 
formulations have several other drawbacks includ- 
ing lack of biodegradability. damage or irritation to 
the skin during removal of the dressing, covalent 
bonding or other interaction of the therapeutic 
agent and the dressing, inability to use a wide 
variety of therapeutic agents, and inadequate adhe- 
sion of the dressing. 

Therefore, it is an object of the present inven- 
tion to provide for a film covering or dressing for 
biological tissue. Another object is to provide for 
spray delivery of a liquid composition containing a 
biodegradable or bioerodible polymer which will 
convert to the film covering. Another object is to 
provide an apparatus for the spray delivery. An- 
other object is to provide for the formation of a film 
dressing which is biodegradable and does not re- 
quire removal from the surface of tissue while still 
maintaining good adhesive qualities. Another object 



is to provide for the formation of a film which is a 
semi-permeable barrier to oxygen and water while 
providing mechanical protection to the surface of 
the tissue including a barrier to organisms asso- 

5 dated with infection. A further object is to provide 
for formation of a film which is capable of delivery 
of at least one biologically-active agent over a 
desired period of time. Yet another object is to 
provide a method for promoting wound healing on 

10 a wide variety of injured tissues like skin, mucous 
membranes, bones and nerves. 

Summary of the Invention 



15 These and other goals are achieved by the 

present invention, which is directed to a biodeg- 
radable film with or without additional therapeutic 
agents, an apparatus for spray delivery of the 
biodegradable film, and a method for formation of 
20 the film on an animal tissue. The biodegradable 
film can be used to provide protection and promote 
healing of injured tissue and/or for delivery of bio- 
logically active agents or substances. 

The biodegradable film dressing or covering of 
25 the present invention provides an adhesive, strong, 
flexible, biodegradable, mechanical and microbial 
t^arrier and/or pharmaceutical delivery system for 
protection and/or treatment of tissue. The film is 
formed from a liquid comf>os)tion of at least one 
30 t)iodegradable or bioerodible. substantially water- 
insoluble, non-reactive thermoplastic polymer in a 
pharmaceulically acceptable solvent which may op- 
tionally contain a biologically active agent. The 
thermoplastic polymer preferably has a molecular 
35 weight and a concentration in the liquid composi- 
tion to achieve a viscosity that allows the composi- 
tion to be aerosolized and also to provide a film 
which is adhesive, cohesively strong and a me- 
chanical and microbial barrier. The thermoplastic 
40 pplymer also preferably has a low glass transition 
temperature (Tg) to provide for a soft and flexible 
film. The thermoplastic polymer can also be suffi- 
ciently hydrophilic to provide for diffusivity of water, 
oxygen, and nutrients through the film. The film 
45 can be microporous if a pore forming agent is 
added, or can t^e substantially nonporous. The film 
can also have low oxygen and water permeability. 
Other desired film properties can be achieved by 
adding one or more of the following components to 
50 \he liquid composition; plasticizers. colorants, bio- 
logically active agents, and/or agents which en- 
hiance release or percutaneous absorption of the 
biologically active agents. 

To form the film dressing, the liquid comp)osi- 
55 tibn is dispensed to the tissue site, whereupon the 
solvent diffuses or dissipates into the surrounding 
tissues or into an aqueous layer applied after the 
fijm dressing. Upon contact with an aqueous based 
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fluid, the thermoplastic polymer, which is substan- 
tially insoluble in the aqueous based fluid, coagu- 
lates or solidifies to form a microporous film or 
gelatinous matrix. The liquid composition can also 
be comprised of a thermoplastic polymer in a liquid 
aerosol propellant. The composition is sprayed 
onto a tissue site, and, as the aerosol propellant 
evaporates, the thermoplastic polymer coagulates 
to form a film or gelatinous matrix. 

In a preferred version, the film dressing is 
microporous and has a two-layered pore structure 
composed of a core portion and a skin portion. The 
skin portion has pores with diameters significantly 
smaller than those of the core portion. The pores 
are formed as the solvent or pore forming agent 
diffuses out of the coagulating or solidifying film 
and into the surrounding tissue or aqueous fluids. 
The skin portion can be formed on lop of the core 
portion with the core portion or layer In contact with 
the tissue, or the skin portion layer can be under 
the core portion and in contact with the tissue. 
Alternatively, the film dressing can have a homo- 
geneous microporous structure, with pores evenly 
distributed throughout the film. 

Several factors influence the size and distribu- 
tion of the pores formed in the film dressing. For 
example, the addition of a pore forming agent to 
the liquid composition will produce a film having 
about the same diameter pores throughout the film. 
The size and/or quantity of the pore forming agent 
as well as the disti-ibution of the agent in the 
coagulating or solidifying film can influence pore 
size and number in the film. It is preferred that the 
size and number of pores of the film dressing 
facilitate diffusion of nutrients, oxygen, water and 
the biologically active agents. It is further preferred 
that the degree of porosity in the matrix provides 
for a film which is capable of substantially main- 
taining structural integrity for the desired period of 
time without cracking or breaking up during use. 

The liquid composition can further contain at 
least one biologically active agent which provides a 
biological, physiological or therapeutic effect in a 
human or animal. The biologically active agent is 
incorporated in the tilm dressing and is subse- 
quently released into the surrounding tissue. The 
biological agent can act to enhance cell growth and 
tissue regeneration, cause nerve stimulation or 
bone growth, prevent infections, promote wound 
healing and/or provide pain relief. Accordingly, the 
invention provides for a film dressing capable of 
functioning as a delivery system of drugs, medica- 
ments, and other biologically active agents to tis- 
sues. Preferably, the film can act as a sustained or 
timed release matrix. 

Additives can also be incorporated into the 
liquid composition to effect both drug release and 
mechanical properties. Plasticizers increase the 



flexibility of the microporous film dressing. Agents 
can t>e added to modify the release of drugs and/or 
to enhance percutaneous absorption of the drug 
after release. 

5 The spray apparatus of the invention includes a 

vessel with a dispensing means for spray delivery 
of the liquid composition located within the vessel. 
"Ihe type of vessel employed depends on the 
choice of dispensing means and includes cans or 
10 bottles of glass, plastic or metal. The dispensing 
: means can be a pump, a fluid pressurizing compo- 
: nent, a collapsible vessel with a tube or jet, or an 
aerosol propellant with associated valve mecha- 
nisms. Generally, any chemical, mechanical or 
75 electronic mechanism for propelling the liquid com- 
; position as a liquid stream, liquid droplets or atom- 
ized spray from the vessel is appropriate as the 
dispensing means. The preferred disf>ensing 
means is a compatible liquid or gaseous aerosol 
20 prop)ellant with a valve mechanism which enables 
atomized spray delivery of the liquid composition 
onto a human or animal tissue. 

The method of forming the biodegradable film 
dressing on a human or animal tissue involves 
2$ dispensing the liquid composition of biodegradable 
or bioerodible thermoplastic polymer with an op- 
tional bioactive agent in an organic solvent onto the 
human or animal tissue and contacting the liquid 
. composition with an aqueous-based fluid to coagu- 
30 late or solidify the film onto the human or animal 
tissue. As the organic solvent dissipates or diffuses 
into the surrounding tissue or aqueous-based fluid, 
: the thermoplastic polymer comes into contact with 
the aqueous-based fluid, and since the thermoplas- 
35 tic polymer is substantially insoluble in the 
aqueous-based fluid, it coagulates or solidifies to 
form a film dressing. The aqueous-based fluid can 
be a body fluid present on the surface of the tissue 
or an aqueous-based fluid applied to the tissue 
40 ■ before or after application of the liquid composition. 
The liquid composition and/or aqueous-based fluid 
can be administered to the tissue site by any 
suitable method for applying a liquid, as for exam- 
ple, by squirting, painting, brushing, and preferably 
45 by spraying the composition onto the tissue site. 

The invention also provides a method of using 
the film dressing to treat injured tissue of a human 
or animal and to administer biologically active 
agents by topical transport through the skin of a 
50 human or animal. The method involves administer- 
ing to a human or animal one of the foregoing 
compositions in an amount effective to form a film 
dressing. The film dressing optionally contains at 
least one biologically activo agent, which acts to 
55 enhance cell growth and/or tissue formation, or to 
prevent the growth of infectious agents, or to re- 
duce pain and/or inflammation or, in the alternative, 
if drug delivery is contemplated, can act according 
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to its recognized biological activity. The film dress- 
ing can also serve to bind tissue together, like a 
suture or hold tissue apart, like a surgical barrier. 
The liquid composition is administered to skin, a 
surgical incision, a burn, a body cavity, or to a site 
of tissue injury. The film dressing of the present 
invention provides a cohesively strong, adhesive, 
biodegradable, mechanical and microbial barrier 
capable of protecting and promoting healing of the 
injury. 

Brief Description of the Rgures 

Figure 1 summarizes the cumulative release of 
doxycycline from the polymer film over time. 

Detailed Description of the Invention 

The biodegradable film dressing or covering is 
formed from a liquid composition of at least one 
biodegradable or bioerodible, substantially water- 
insoluble, non-reactive thermoplastic polymer in a 
pharmaceuticalty acceptable organic solvent. Alter- 
natively, the liquid composition is composed of a 
biodegradable thermoplastic polymer in a liquid 
aerosol propellant. Optionally, the liquid composi- 
tion can include a pore forming agent, plasticizers, 
cotorants, biologically active agents, and/or agents 
which enhance release or percutaneous absorption 
of the biologically-active agents. 

To form the film dressing, the liquid composi- 
tion is dispensed to a tissue site, whereupon the 
solvent diffuses or dissipates. The thermoplastic 
polymer is substantially insoluble in aqueous-based 
fluid and upon contact with an aqueous-based fluid 
it coagulates or solidifies to form a film or gelat- 
inous matrix. The film can be nonporous or micro- 
porous. When the film is microporous, pores can 
be formed in the film either uniformly or asymmet- 
rically as the solvent and optional pore forming 
agent diffuse or dissipate out of the coagulating or 
solidifying matrix. The liquid composition can be 
dispersed from a spray apparatus comprised of a 
vessel with a dispensing means, and preferably the 
dispensing means is an aerosol propellant with 
associated valve mechanism. When the film dress- 
ing is administered to an injured tissue site, it 
provides a cohesively strong, adhesive, biodeg- 
radable, mechanical and microbial barrier which is 
optionally capable of delivery of biologically-active 
therapeutic agents. When the film dressing is used 
as a topical transport reservoir for pharmaceutical 
agents, it binds intimately to the skin and is ca- 
pable of delivering appropriate doses of the agent. 
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Thermoplastic polymers useful in the film 
dressing and liquid composition of the invention 
5 include biologically and/or pharmaceutically com- 
patible polymers that are btoeroclible and biodeg- 
radable. Highly preferred thermoplastic polymers 
have a low Tg so that they are soft and flexible, yet 
also adhesive and cohesively strong. The thermo- 
10 plastic polymer can also provide for water dif- 
tusivity, preferably within the range of about 
2x10"^ to 500x10"^ gm/cm^/hr, more preferably 
about 10x10'^ to 200x10-^ gm/cm^/hr. The ther- 
moplastic polymers are substantially insoluble in 
75 ar^iieous or body fluids, but are capable of dissolv- 
ing or dispersing in a water miscible carrier or 
solvent to form a solution or dispersion. Upon dis- 
sipation of the solvent component and contact with 
an aqueous based fluid, the thermoplastic poly- 
20 mers are capable of coagulating or solidifying to 
form a solid or gelatinous matrix suitable for use as 
the film dressing. 

The kinds of thermoplastic polymers suitable 
for the film dressing and liquid composition gen- 
25 orally include any having the foregoing characteris- 
tics. Examples are polylactides. polyglycolides. 
polycaprolactones. polyanhydrides, polyamides, 
polyurethanes, polyesteramides, polyorthoesters, 
polydioxanones, polyacetals, polyketals. polycar- 
30 bonates, polyorthocarbonates, polyphosphazenes, 
polyhydroxybutyrates, polyhydroxyvalerates, 
polyalkylene oxalates, polyatkylene succinates. 
poly(malic acid), poly(amino acids). poly(methyl vi- 
nyl ether), poly(maIeic anhydride), chitin. chitosan, 
35 and copolymers, terpolymers. or combinations or 
mixtures therein. Polylactides. polycaprolactones, 
polyglycolides and copolymers thereof are highly 
preferred thermoplastic polymers. Optionally, the 
first two can be combined with glycolide to en- 
40 havtce the solubility of the polymer in the organic 
solvent of the composition. 

fTie thermoplastic polymer is combined with a 
suitable organic solvent to form a dispersion or 
solution. The solubility or miscibility of a polymer in 
45 a particular solvent will vary according to factors 
such as crystallinity, hydrophilicity, capacity for 
hydrogen-bonding and molecular weight of the 
polymer. Consequently, the molecular weight and 
the concentration of the polymer in the solvent are 
50 adjusted to achieve desired miscibility. Highly pre- 
ferred thermoplastic polymers are those which 
have solubility parameters which include a low de- 
gree of crystallization, a low degree of hydrogen- 
bonding, low solubility in water, and a high solubil- 
55 ity in organic solvents. In adcJition, the molecular 
weight and concentration of the polymer in the 
solvent can be adjusted to achieve the desired 
viscosity. The liquid composition preferably has a 
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viscosity which effectively provides for aerosoliza- 
tion of the composition while maintaining sufficient 
adhesion and cohesive strength of the lilm dress- 
ing. A viscosity that effectively provides for 
aerosolization is a viscosity which provides the 
liquid composition with flow properties and surface 
tension sufficient to allow for formation of small 
droplets in an aerosol. The viscosity can also be 
such that the evaporation of the solvent is not rapid 
enough to prevent coalescence of the aerosol 
drops on the surface of the tissue in the lormation 
of the film dressing. Suitable solution viscosities 
include atwut 0.1 to 2000 cps. preferably about 1 
to 100 cp)s, more preferably about 1 to 50 cps. 

According to the invention, the liquid composi- 
tion is administered to a tissue site, whereupon the 
solvent dissipates. Upon contact with the surround- 
ing aqueous fluids, the polymer moiety coagulates 
or solidifies to form a solid or gelatinous matrix for 
use as a film at the tissue site. The solvent can 
evaporate or quickly diffuse into the surrounding 
tissue fluids or aqueous-based fluids to enhance 
formation of the polymer matrix following admin- 
istration of the composition to the tissue site. 

Preferably, the polymer matrix or film dressing 
is capable of adhering to the adjacent tissue by 
mechanical forces to at least partially bind or attach 
the film to the adjacent tissue, and/or mechanically 
bind two tissues together. The film dressing is 
preferably microporous but can also be substan- 
tially nonporous. When the film is microporous, it 
provides for diffusivity of water, oxygen, nutrients, 
and wound exudate to and/or from the tissue site. 
The film can also provide for very low oxygen and 
water diffusivity depending on the presence, size 
and distribution of pores. A substantially nonporous 
film allows for no diffusivity of water and oxygen. 
Both porous and substantially nonporous films can 
provide an adhesive, strong, flexible, biodegrada- 
ble, mechanical, and microbial barrier. 

Solvents 

Solvents suitable for the liquid composition are 
those which are biocompatible, preferably phar- 
maceutically acceptable, and miscible with the 
polymer component and water. Preferably, the sol- 
vent has a Hildebrand (HLB) solubility ratio of from 
about 9(cal/cm3)* to 1 3(cal/cm3)*. The degree of 
polarity of the solvent should be effective to pro- 
vide at least atx>ut 10% solubility in water, and to 
dissolve, disperse or suspend the polymer compo- 
nent into solution. The solvent can be a liquid 
aerosol propellant or compatible with gaseous 
aerosol propellant so that the gaseous propellant 
can dissolve to some extent into the solvent. Upon 
application to a tissue site, the solvent diffuses into 
the adjacent tissues or into an aqueous medium. 



The concentration of polymor in the solvent for the 
liquid composition will generally accomplish rapid 
and effective dissipation ol the solvent and coagu- 
; lation of the polymer. This concenlration can range 
5 from 0-01 g of polymer per ml of solvent to a 2 g 
per ml solvent, preferably from 0.08 g per rnl to 1.2 
g per ml solvent. 

Solvents which can be used in the thermoplas- 
tic polymer composition of the invention include, 

10 for example, N-methyl-2-pyrroltdone, 2-pyrrolidone, 
C:' to Cft alkanols. propylene glycol, acetone, alkyi 
esters such as methyl acetate, ethyl acetate, ethyl 
lactate, alkyI ketones such as methyl ethyl ketone, 
dialkylamldes such as dimethylformamide, 

rs dimethyl sulfoxide, dimethyl sulfone, 
tetrahydrofuran, cyclic alkyI amides such as 
caprolactam, decylmethylsulloxide, oleic acid, pro- 
pylene carbonate, amides such as N,N-diethyl-m- 
toluamide, and 1-dodecylazacycloheptan-2-one. 

20 Preferred solvents according to the invention in- 
clude N-methyl-2-pyrrolidone, 2-pyrrolidone, ethyl 
lactate, propylene carbonate, dimethyl sulloxide 
and acetone. 

Solvents which also can be used are those that 

25 are liquid aerosol propellants, for example, trich- 
loromonofluoromethane, dichlorodifluoromethane. 
. dichloromonofluoromethane, 2-tetrafluoroethane, 
i .l-dlchloro-1,2,2,2-tetrafluoroelhane, 1-chloro-1.1- 
difluoroethane. 1,1-difIuoroethane, octofluorotDutane, 

30 propane, isobutane. N-butane. and mixtures there- 
of. 

A mixture of solvents can be used to increase 
the coagulation rate of polymers which extiibit a 
slow coagulation or setting rate. For example, the 

35 polymer can l^e combined wiih a coagulant -promot- 
ing solvent system composed of a mixture of a 
good solvent and a poorer solvent or a non- solvent 
for the polymer component. It is preferred that the 
solvent mixture contain an effective amount of the 

40 two solvents such that the polymer will remain 
soluble in the mixture but coagulate upon dissipa- 
tion or diffusion of the solvents into surrounding 
tissue fluids at the tissue site. 

45 Pore Formation and Porosity 

Upon contact with an aqueous body fluid or 
water, the liquid composition coagulates or solidi- 
fies to form a film. The film can be microporous or 

50 substantially nonporous. In a microporous film em- 
bodiment, pores can be formed in the film by 
dissipation, dispersement or diffusion of the solvent 
and an optional pore forming agent out of the 
solidifying polymer matrix. The size and distribution 

55 of pores can be asymmetric so that a two-layer 
core and skin structure is formed, or they can be 
uniform. Preferably the amount, size, and distribu- 
tion of the pores provide for water diffusivity, cohe- 
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sive strength, and a barrier to microorganisms. 

In a prefenred version, the film dressioj has a 
two-layered asymmetric pore structure coin posed 
of a core portion and a skin portion. I.^c skin 
portion has pores with significantly smaller diam- 
eters than that of the pores in the core portion. The 
skin portion can be formed on top of the core 
portion with the core portion in contact with the 
tissue, or the skin portion or layer may bi* under 
the core portion and in contact with th(. tissue. 
Alternatively, the film dressing can have t homo- 
geneous pore structure with pores evenly distrib- 
uted throughout the film dressing. 

A pore forming agent can be included in the 
liquid composition to generate additional pores in 
the polymer matrix. Pore forming agents include 
any phamiaceutically acceptable organic or inor- 
ganic water-soluble substance that is subriantially 
miscible in water and body fluids and will dissipate 
from the in situ formed microporous film In one 
version, the pore forming agent is biocoi. patible, 
and soluble in body fluids and water as vr ii as in 
the organic solvents. The pore forming ajent can 
also be insoluble in organic solvents and soluble in 
Ixxiy fluids and water. The pore forming agent can 
also be soluble or insoluble in the organic solvent, 
and insoluble in txxly fluids and water. i)ut can 
degrade to a water-soluble agent. The pore forming 
agent is capable of diffusing or dispersin g out of 
the coagulating polymer matrix and into the adja- 
cent fluid, whereupon pores are generated in the 
polymer matrix. 

The pore forming agents, when combined with 
the thermoplastic polymer and solvent, preferably 
form a uniform mixture of a dispersion or suspen- 
sk>n or a solution. When the mixture is admin- 
istered to a tissue site, the solvent and/or pore 
formir>g agent preferably dissipate or diffuse, caus- 
ing the formation of microporous channels within 
the coagulating polymer matrix. Optionally, the 
pore forming agent can l>ecome incorporated into 
the polymer matrix, and dissipate into the sur- 
rounding tissue fluids at a rate slower than that of 
the solvent, or be released from the matrix by the 
biodegradation or bioerosion of the implant matrix. 
As the slowly dissipating pore forming agent dis- 
sipates or diffuses into the surrounding tissues, it 
can also act to enhance percutaneous absor ption of 
any biologically active agents. 

Suitable pore forming agents include, for exam- 
ple, sugars such as sucrose and dextrose, salts 
such as sodium chloride and sodium carbonate, 
and polymers such as hydroxylpropylcellulose. car- 
boxymethylcellutose, polyethylene glycol, and poly- 
vinylpyrrolidone. The concentration of pore- forming 
agent relative to polymer in the composition will 
vary according to the degree of pore-formation 
desired. Generally, this concentration will range 



ffori 0.01 g of pore-forming agent per gram of 
po' /mer to about 1g per gram of polymer. 

the size or diameter of the pores formoci i- the 
matrix can be modified by the st^e and/or disl'ibu- 
5 tion of the pore-forming agent within the polymer 
matrix. For example, pore-forming agents whicfi are 
relajvely insoluble in the polymer matrix, can be 
sol ctively included in the composition according 
to ' .r-irticle size to generate pores having a diameter 

10 whi^h corresponds to the size of the pore-forming 
agcitt. Pore-forming agents which are soluble ir the 
polymer mixture can vary the pore size and p<:ros- 
rty of the polymer mixture according lo the pattern 
of distribution and/or aggregation within the mixture 

75 and resulting polymer matrix. Suitable size and 
dis ribulion of pores are those allowing for water 
diffi.sivity while maintaining complete banier prop- 
erti J to microorganisms and providing for cohe- 
sive strength of the microporous film. 

20 lo provide an effective microporous film, it is 

pre erred that the diameter of the pores be about 
3-iiOO microns, more preferably alxiut 3-200 
microns, and even more preferably about 3-100 
microns, and most preferably 3-50 microns. !l is 

25 further preferred that the matrix has a porosity of 
.abo)!t 5-95%, preferably about 25-85% in order to 
provide preferred water diffusivity. preferred ex- 
change of nutrients and oxygen, preferred slruc- 
tur^^l integrity including cohesive strength, an ! an 

30 preferred barrier to microorganisms. 

Bioiogically-Aclive Agents ^ 



i'he in situ formed microporous film can also 

35 provide a delivery system, including a transdermal 
delivery system, for biologically-active agents to 
adjacent or distant t)ody tissues and organs. 
Bioiogicaliy-active agents which can be used alone 
or in combination in the present compositions in- 

40 elude medicaments, drugs, or any suitable 
biologically-, physiologically- or pharmacologically- 
aclive substance which is capable of providing 
local or systemic biological or ptiysiological activity 
in a human or animal. The biologically-active agent 

45 must be capable of being released from the poly- 
mer matrix into the adjacent or surrounding aque- 
ous fluid and/or tissues. 

The biologically-active agent can be miscible in 
the polymer and/or solvent to provide a homo- 

50 genous mixture with the polymer, or insoluble in 
the polymer and/or solvent to form a suspension or 
disr'Crsion with the polymer. Upon administration of 
the composition to the tissue site, the biologicnlly- 
acttve agent preferably remains or becomes incor- 

55 poialed into the polymer matrix. As the matrix 
biodcgrades and/or bioerodes. the biologically-ac- 
tivo agent can be released from the matrix into the 
adjacent tissue. Preferably, tlie biologically-active 
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agent is released into the adjacent t s uc at a 
controlled rate. For example, the poly r matrix 
can be formulated to degrade after r i f ii'octive 
and/or substantial amount of the bioir .ly-active 
agent is released from the matrix, i cm j. e of a 
biologically-active agent having a lev/ : - utility in 
water, as for example a peptide or p in, can 
require the degradation of a substantial piiit of the 
polymer matrix to expose the agent dirtcily to the 
surrounding tissue fluids or can requiic (he pres- 
ence of a release modifying agent, ihj-. the re- 
lease of the biologically-active agent frc , the ma- 
trix can be varied by, for example, the i . ubiliiy of 
the biologically-active agent in water, the. distribu- 
tion of the biologically-active agent wiJ ' e ma- 
trix, or the size, shape, porosity, :n! t iiity and 
biodegradability of the polymer matrix, ong oth- 
er factors. 

The composition and in situ former iim con- 
tain the biologically-active agent in an nount ef- 
fective to provide the desired biologica , .. ysiologi- 
cal. pharmacological and/or therapeutic :fect. op- 
tionally according to a desired reka profile, 
and/or time duration of release. It is f jr her pre- 
ferred that the blologicatly-active agent \s included 
in the polymer composition in an amou a effective 
to provide an acceptable solution or spersion 
viscosity. The film can function in wourd t eaiing or 
as a transdermal delivery system for t biologi- 
cally active agent. 

The biologically-active agent can a jo be a 
substance, or metatx>lic precursor ther-of, which is 
capable of promoting growth and survival of cells 
and tissues, or augmenting the activity c f function- 
ing cells, as for example, blood cells, neurons, 
muscle, bone cells, epithelial cells and tisi^ues. and 
the like. For example, the biologically -art ve agent 
can be a nerve growth promoting substa *• e, as for 
example, a ganglioside. phosphatidy. serine, a 
nerve growth factor, brain-derived neurotrophic fac- 
tor, a fibroblast growth factor, fibroneciin FN), en- 
dothelial cell growth factor (ECGF), ccmonium at- 
tachment extracts (CAE), human growth hormone 
(HGH). a periodontal ligament cell grov ih factor, 
human or animal growth hormones, platei ;t derived 
growth factor (PDGF). epidermal gro dti factor 
(EGF), protein growth factor interleukiti-l (IL-1), 
transforming growth factor (TGF)3-2), ii;sulin-like 
growth factor 11 (ILGF-II). human alpha thrombin 
(HAT), osteoinductive factor (OIF), bone mor- 
phogenetic protein (BMP), or protein;: derived 
therefrom and releasing factors thereof 

Suitable biologically-active agents a I no include 
substances useful in preventing infect i n at the 
tissue site, as for example, antiviral, an' bacterial, 
antiparasitic, and antifungal substances and com- 
binations thereof. 



The delivery system can contair .i laiyf' num- 
bc of biologically-active ag jnt^ t \ . \ sir :jlv or in 
^'na^bination. Examples of itioso u!^ gicalty-active 
.1 ents include, but are not ttnil cl tn 
5 Anti-bacterial agents sujf f\ ctllins, 

: ,)halosporins, vancornycir;, bacitracin, 
■ ce phalosporins, polymxyins. amikac i. do>rv'r ycline. 
nystatin, amphotericin-B, t^tracyC es. chloram- 
r.-onicot. erythromycin, neomycin, slref)t mycin, 
10 k, namycin, gentamicin, tobramycin;, clindr mycin, 
'I'.impin. nalidixic acid, flucytosine, 0'''^C!'^'ulvin. 
and the like; 

Antiviral agents such as v dar^ acy clovir. 
: f avirin, amantadine hydrochkr;. , ntor'erons, 
T5 i eoxyuridine, and the like: 

Antifungal agents such as nysta^;.). ge-^tamicin. 
rr conazole, tolnaftate, undocyclic . Jd : ■^6 its 
s I'ls, and the like; 

Antiparasitic agents such a qiiinacrine, 
20 ' tiioroquine, quinine, and the like; 

Anti-inflammatory agents si'::t as pro- 
sterone, hydrocortisone, prcdnij irocor- 
i ti one. triamcinolone, dexam: : i3ono. be- 
'\ la.nethasone, and the like; 
25 Antihistamines such as dip "f^nhy famine, 

'^liiorpheneramine, chlorcycli<^ino. piomelhazine. 
ci netidine, terfenadine. and :he like; 

Anaesthetics such as cocaine, benz^caine, 
novocaine, lidocaine, bupivocaine, and 11 le like; 
30 Analgesic agents such as salicv. : acid, salicy- 

\i 3 esters and salts, acetaminoph n, ibuprofen, 
rnofphine, phenylbutazone, i'ldometn. cin. ^tilindac. 
jl netin, zomepirac, and the like; 

Antineoplastic agents such as rnetfiotrexate, 5- 
35 Hcorouracil, bleomycin, tumor necro. is factf^rs, tu- 
r nr specific antibodies conjugated i » toxir s. and 
!ho like; 

Growth factors such as colony slinnilating fac- 
tor, epidermal growth factor, erythropoietin. 
40 111 lOblast growth factor, neural grow.n faclor, hu- 
man growth hormone, platelet derived grov 'h fac- 
!o . insulin-like growth factor, and the like; 

Hormones of natural and synthetic ongin as 
well as hormone regulatory agents such as nsulin. 
45 I SN, ACTH, testosterone, anti-tertiiity compounds, 
estrogen, calcitonin and the like; 

Kerolytic agents such as benzoyl peroxide, sa- 
licylic acid, trichloroacetic acid, piroclone. and wart 
tieatment compounds such as salicylic acid, trich- 
50 lofoacetic acid and lactic acid, singnlaiiy or in 
combination with antiviral agents; 

Tranquilizers of major and minor physiological 
activity as well as CNS pharmaceuticals: 

Vitamins and vitamin derivatives such Vita- 
55 min A, retinol, retinoic acid, adocopherol (Vitamin 
C). 7-dehydrochloresterol (Vitamin D), Vitamin K, 
tfiiamine riboflavin, niacin, pyridoxine, biofin, an- 
tolhenic acid, ascorbic acid, choline, inositol, and 
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the like. 

The biologically-active agent can be inch J n jio 
compositions in the form of, for exarn[ ; n n- 
charged molecule, a molecular complex n t h i 
ether, an ester, an amide, or other form o ^ 
the effective biological or physiological at \ 

Choice of the particular biologic ivo 
agent or agents will depend upon the • c i . n 
or condition to be treated, which choir. . i,l \ e 
made by the attending health care prr . s in u!. 
Without a bioactive agent, the compc .; an 
function as a structure to promote cell r : 
tissue repair and/or to bind or hold tissi o lur 
or to keep tissue apart. With a bioactive i. '>i'0 
composition will not only function in sue . ) ; ity 
but will also function to deliver the bioacti j : 

The amounts and concentrations of coi posi- 
tion administered to the patient will goi .1 ly he; 
sufficient to accomplish the task intend: j ' r\-5t 
task is for administration of bioactive < • . . ho 
amounts and release rates will follow rec( i i dn~ 
tions of the manufacturer of the bioact uj ^nt. 
Generally, the concentration of bioactivt .i; in 
the liquid polymer matrix will be from 0.0 ; ; ; ; y 
of matrix to 400mg per g of matrix. 

Other Additives 

Depending on the desired properties ' ; Mm 
dressing, other additives can be incorpc : * nto 
the liquid composition. Additives can e oth 
drug release and mechanical properties c f m. 
Such modifiers can t>e added in effective : - u iis 
to increase flexibility, to control permoib W/. to 
slow drug release, to increase percutai . s ab- 
sorption of biologically active agents, an ^ ; noni- 
tor biodegradability. By way of example, ;h modi- 
fier triethyl citrate can be combined with it .ic;uid 
composition to modify the function of t j lu by 
controlling permeability and to slow drug Ji su. 

Examples of suitable modifiers indue . j ntiirjlic 
esters, benzylphthalates. glycol t>enzoatus tii faci- 
litates, adipates, azelates, sebacates. esDn of al- 
iphatic and aromatic di- and tricartx)xy ic icirJs. 
organic phosphates, sesame, soybean n other 
oils. 

Examples of suitable compounds whi h m bo 
added to increase percutaneous absorpti I oio- 
logically active agents include propylene ivcol, 
glycerol, urea, diethyl sebecate. sodium I ii I sul- 
fate, sodium laurye sulfate, sorbitan etho lates, 
oleic acid, pyrrolidone cartx)xylate esters. i lothyt 
pyrrolidone, N,N-diethyl-m-toluamide. dimct ; : sul- 
foxide, alkyi methyl sulfoxides, and mixtu e here- 
of. 

Colorants can also be added to the Ii. ,u com- 
position in an amount effective to allow mc • oring 
of the biodegradability or bioerodibility ^ . [he 
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r"oii 


orous film over time. C(.)Of 'jir ' ir 


iK;;i 'xic. 


noM 


'lating and non-reactive w/h 


\c t in 


tho 


uid composition. Colorants vt ^ 


.r oen 


apj . 


• uu uy ine rur\ ror uso tii 


ods 


and 


wgs include: D & C Yellorv iK. ) . 


- ; led 


No 


, 0 & C Red No. 7, 9. and 3a: : : 


C Red 


No. 


Orange D & C No. 4; F ) (. 1 


?■ FO & 


C 0. 


;n No. 3, and the like. 




Sp- 


Apparatus for Delivory . 


L uid 


Co I 


ositlon 






\0 liquid composition car^ L .; <■ 


\ a 


tis^ I 


i;ile by painting, dropping, s jui. 


nd \ ref- 


.era - 


by spraying. The spray npr' :' 


0 of the 


pres 


\ invention includes a Ii |ji i ' 


siticn of 


the ' 


-jrmoplastic polymer in a i cr^j- 


e ^\ in 


a V : 


:;l with a dispensing moan:; 


■ly ( "iliv- 



ory . the liquid composition to ' :f..p ^ or 
20 an! li tissue. In an alternative on. . .or.l, the 
spr., apparatus contains a lit.uid t, si:ir i of 
the r:. plastic polymer in a liqu. ^jl 01 : pf :pel- 
lan . 

.0 vessel of the present invot.tn. i- chcsen 

25 tror^ . variety of types of vessels do g or- the 
me : d of dispensing the liquid c-- Jtinn By 
wa ' example, when the dispensing - an 

aer ) J propellant with a valve ar -i ; mr :ha- 

nis p the appropriate vessel o ic'i can 

30 withr.ind pressure generated '^y the pt. o\ma. of 
the -Mosol propellant within tlu vess ; 1 1 ose 
pre ; :re vessels are usually :yl ndn>..^ n shape 
anr; omposed of iron, aluminjm a'-./;, fjlass or 
pla ;f ;. Other suitable vessels ir . lx)*'ies, 

35 tub : pads and the like. 

T 10 dispensing means ca.i t o . y .le; cal. 
me ;( inical or electrical componnnl , r , acis to 
(xop * the liquid composition as a . '^ui stream, 
liquic droplets or atomized spray from th vntsel. 

40 The -ispensing means can bo a [ u,^ a fluid 
pres -fizing component, a collapsibio Cc- jI wih a 
tub j I jet. or an aerosol propo lanl . i;ociited 
val 'c fnechanisms. By way of f x< . . another 
suil'i: So spraying device would mclu.! a . }vi; i for 

45 use 1 surgery having a vessel 1 ol i; , c : ]uid 
cent Dsition which is in fluid c >nnei, .;r) 0 a noz- 
zle, e liquid composition being dolivert d to the 
no22 . by means of a pump, aid the no:\'!G being 
act.j.'i od electronically so that delivery oJ Kie liquid 

50 con[ ;sition can be controlled a^ 1* .'^^ssary. by 
the sturgeon. The preferred disperse < t : Tins is a 
cor>[ itible aerosol propellant wih i. me^ha- 
nisn which enables spray delivery M : lo 1 ;uid 
corTi[ )sition onto a human or arirna! l ou .. 

55 
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Aerosol Propellants 








* 


•ate until dispensed. Th • 


- 


nents 












!Spcnsed in stoichiomo \ 


u 


1 thor- 


The dispensing means of the ; pt 


> 


IS 




( 


■y mixed as they are i 


j ♦ 


tissue 


can be comprised of at least one <i 




•jl- 






1 or example, the liquid 




ormo- 


lant. The aerosol propeiiant can be 


I. k 


ur 


5 




c polymer in an organ . 


t 


1 held 


compressed gas which acts to dispe 




id 




■ 


■ate from a biologically ju 




ii they 


composition from a pressurized vos 


■J 1 


c- 




*■ 


-j-dispensed and mixed j( 






tuation of a valve In the dispensinc 




.le 












liquid composition can be delivered a: 


1 A : 


'•y. 




t 


od of Forming the 1. 




Film 


fir>e spray, or a foam depending on 


;t 


of 


10 


P 


sing 






aerosol propeiiant employed. In the ca 


e 


J id 












aerosol propeiiant. it is preferred th;.i 


It 


.rit 






■ he invention also prov t . 


1 ^1 


)f for- 


or propellants are substantially mis( 




i)e 




r, 


a biodegradable film ;t. • 




an or 


organic solvent of liquid composition 


J 


on 






cil tissue. The film is fo ' 


: > 


ue by 


the aerosol propeiiant is added to th 


li i 


in- 


15 


c 


nsing an effective amc j t 


li 


com- 


position, a solution is formed. Alte 


■n 


..le 




r. 


ton of the thermoplastic y 


t 


rganic 


liquid aerosol propeiiant can be simila: 




to 






nt and contacting the 1 v 


i , 


;ueous 


ttie liquid composition so that a unitu 


t 


:an 






i fluid to coagulate or s ' . 




ito the 


be delivered upon mild shaking. In \) 


; 


I a 




V 


n or animal tissue. An ff 


a II.- ' 


of the 


gaseous aerosol propeiiant, it is prof' 


L 


IG 


20 


ii 


; composition is that am ) ■ t 




s in a 


gaseous propeiiant be somewhat v.^ 




.he 




fi 


overing the tissue siP . . . 


( 


! me- 


organic solvent of liquid composition 








C 


•cal and microbial barn r 


C; ; 


y pro- 


In another embodiment, the therm 


pi 


.ly- 




V 


a sufficient amount (> ' 




active 


mer can be combined with a liquid a* 


0- . 






a 


i. Preferably an effectiv ; t. 


. 


0 that 


lant as solvent. In this case, the i 


J 


50l 


25 


a 


nt which forms a film - 




within 


propeiiant should be a solvent for the 


..e 1 


;tic 




t! 


Tinge of about .001 to h n 


; >r 


e rably 


polymer and be present in an effect i 




so 




a 


! .01 to 2.5 mm, and . 




about 


that the thermoplastic polymer and f 


.)! 1 . 


ire 




P 


rably about 0.1 to 2 mrr 






delivered to the tissue site in a liqui 




ce 






fie liquid composition c i' 


i. s: 


-ed to 


the tissue site is contacted, the aero 




mt 


30 




a surgical incision site. .1 ^ ^ 


i' . 


burn. 


rapidly dissipates and the thermoplas: 




is 




c 


■J a site of tissue injur ' 


jio 


an be 


coagulated or solidified upon contact 


ill. ' 


le- 




c. 


ored to form a patch, a t a . 


S JU 


0 or to 


ous based fluid to form a microporous 


Mr 






t> 


tissue apart as a surg . , 




liquid 


Suitable liquefied aerosol prope. 


in : 


( jde 




C ' 


position can t>e applied t3 t ^ 


fa 


OS like 


blends of fluorochlorohydrocarbons, of 


)* r I. 


< ly- 


35 


s 


Of mucous membranes ci 


; . 


rfaces 


drocartX)ns, and hydrocartwns. r 




of 




0, 


gans. bones, and nerve r. 1 




ssible 


fluorochlorohydrocarbons inclucf 




jh- 




b 


urgery. When the filn 


>S . Hi 


' as a 


loromonofluoromethane. dichlorodifi 


3r 


iiie, 




ci 


ory system for biologici: 




the 


dichloromonofluoromethane, 2-tetr. 


U J . 


..le. 




f 


can be preferably form 0 :\i . 




r ban- 


1 ,1-dichloro-1 ,2,2-tetrafluoroethane. 




.1- 


40 


d 


or wound dressing. In a ; 




>n, the 


difluoroethane, 1 ,1 -difluoroethane. 


i. ; 


oc- 




f 


dressing acts as a transc c^ 


y 


ystem 


tofluorocyclobutane. and mixtures tft 




im- 




f- 


lofogically active agents n 


■ ec 


to the 


pies of hydrocartxins include liquefi( 




Lim 




s 


or mucous membrane a i\ p 


;a. 


iage. 


gases tike propane, isobutane. and t 


b n 


iOd 






Ihe liquid composition n i.' 




paint- 


mixtures thereof. The compressed ga. 




iltS 


45 


ir 


dropping, brushing, squi tin j 


e: ;r 


bly by 


are preferably non-toxic, non-flam ma 1 




Oft. 




S 


^ing. The solvent rapidly d . . ^ 


r . '\s 


. pates 


Examples include carbon dioxide, nitn 




and 




ir 


Ihe surrounding tissue :nu ; mc 


. *0!iM 


t with 


N2 and the like. 








a 


T^ueous based fluid, the h. r;, 


J" I 


olymer 


The aerosol propeiiant is preset t 


; v.:fi, 


. ihe 




C 


ulates or solidifies to fo r: . r 


1 u. 


matrix 


vessel so that it is either mixed with 0 


i 


.ise 


50 


C 


Mm dressing. A micropc rr . • 


rn 


It can 


of a gaseous propeiiant, in contact w. 




iUid 




h 


' a two-layered asymmetrif f 


: Ctr 


e with 


composition. Alternatively, the liquid 




ion 






le portion and a skin tii-n. 


.n 


oortion 


can be held within a chamber separa 


■ ' 


the 




h 


pores with significantly sri a!.^ 


vy)\ 


than 


propeiiant by a barrier which respond: 


U K 


ure 




W 


■ ores of the core portion. /. U- 1 


\ 


e film 


exerted by the propeiiant to deliver ttu 


li . , 1 


m- 


55 


d 


sing can have a homog :n. t.t.-^ 


e 3\- 


tiCture, 


position. In another alternative emb( 


iiii I 


ihe 




0* 


substantially nonporous. 






spray apparatus can have a co-disp. 


ni ; 


iive 






The aqueous-based fluid ^ 


. 0* 


y fluid 


and system so that two ingredients < 


art In; 


^ opt 




a * 


idy present at the tissu t i 




blood, 



9 



1/ ) 



serum, plasma, sweat, perspiration, and v. ir 

udate and the like. The aqueous based ui. 

alternatively be applied to the tissue s > t 

before or after application of the liquid cof ^ 

A preferred aqueous based fluid is water, i 

able aqueous based fluids also include p s. 

cal solutions of sodium phosphate, sodiu c 

sodium acetate, sodium chloride, dextros. m 

crose. and the like. An aqueous based ji 

also be a formulation of a cream or an in; ; 

containing at least one biologically acti a 

preferably applied to the tissue site b n 
liquid composition is applied. The aqueo 

fluid can be applied to the tissue site by j 

brushing, squirting, or preferably by spray ). 

Method of Using the Film Dressing « > 
injured Tissue 

The liquid composition can be admin ^ 
an effective amount to an injured tissue . f 
injured tissue site can be a surgical in ; 
break in a bone, a skin or organ laceratior , i 
a rash, a viral lesion, a skin cancer o- 5 
removal of a tumor, and the like. The < rr 
tissue can be external, such as skin, muct- . 
branes of the mouth, nose, vagina and ree l n : 
the eye. Alternatively, the damaged tissu . :: 
an internal tissue or organ which is a. e. 
during surgery. An effective amount of liq t 
position is that amount which covers th» 
tissue site with a film of sufficient thick i' s ; 
porosity to provide for a mechanical and , c t 
barrier and a cohesively strong film with v fr it 
adhesion. The film can also provide for h t 
change of oxygen, nutrients, water, an w . 
exudate to and from the tissue site. In ad ic 
effective amount can be that amount of f' 
composition which provides an effective ar 
a biologically active agent. 

The film can preferably be applied by . ;i . 
to the tissue site. The film can act to c 1 
mechanical microbial barrier while allowii, j 
cient exchange of water, oxygen, nutri 1 h^ 
wound exudate. The film can also be si id 
strong to bind or hold tissue together, like 
or to hold tissue apart as a surgical barriei. 1 
ally, the film can act to deliver at least one 
cally active agent which can promote woi 
ing and tissue regeneration, prevent . . u 
and/or provide pain relief. By way of e> 
film dressing containing an antibiotic af 
growth factor may be sprayed onto bufr 
where it could promote healing, prevent 
and regulate oxygen, water and nutrient ' 
tissue. 

Administration of the composition as t. 
for injured tissue ultimately will be acco 
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ax, or 


.g to the wisdom and n 




> iC 


pat- 




cr l*s 


,-nding health caic pro ei 




v 


0 of 




\:uj ^ 


. i.'ular com(X)sitton. inc! to 


W ' 




my. 




t ,:)'0t 


J agents to add, will • e{ 






<al- 


5 


ccnd 


i Of condition to be tr i 






tce 




V 11 t 


nade by the attending !.i 






os- 




si on a 


.Vithout a bioactivc age. !. 




0 


lion 




prote 


, the injured tissue site :f( 


- 


ia 


and 




r^ec\ 


cal insults, binds tissu. t< • 






oro- 


10 


note 


vound healing by ens t. 




.. t( 


ex- 




ch:'nc 


of oxygen, nutrients. w'i:( ' 




' '1 


ex- 




i\k-[t 


••Viih a bioactive agent, " e 


r 




will 




funct 


in such capacities and' 




a ; 


to- 






J '1 ^J[_it> 1 I It' 0 Ut lilt/ UlUoL. / 






. 11- 


15 


iniiar 


.itory action or pain relit' 










"] 

1 


tnvontinn will hv^ Hr>Qr"r ■ 




ur 


nee 




to va 


s Specific and preferre \ 




itL 


and 




techn 


;.os. however, it should If 


I > 




^hat 




many 


ariations and modifica' i r 


t 


•* ( 


■ade 


20 


while 


■maining with the spiri a 




0 ■ 


the 




in von 












exa; 


:.E 1 








25 




jdegradability Study 










A 


nixture comprising 1 < 






an 




aquin 


ru nnixture of sodium c.. 




{ > z 


itric 




acid, 


out 60% N-methyl pyr 




id 


out 


30 


3.5% 


. a 50/50 copolymer of " 




ir : 


^nd 




Foly{* 


prolactone) was prepai.j 




"i 


.ing 




the s 


urn cartx)nate and citric ' 


1 i 


^ ; 0! 


ner 




STjlliti 


Thp nolvmPTip mivtiti * 




J 


UQ- 




cut an 


';s!y in rabbits to form : 


: ' >' 


I in 


■itu. 




Thp <■ 


J Jicc) weic Id I IL)i 0 WtJ./ 






ere 




recov 


d from subcutaneous ri 


1 


0 f( 


:ov- 




ered 


lyrners were analyzed \ ' 




rmr 


'ion 




chron 


'ography to determine n c 




jic? 


No 




polyn 


■ could be iound after tw 


> 


it 


:ing 


40 


comp 


> ) biodegradation. 
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Drug 


^lease Profile 








45 














A 


riixture comprising abo .: 




a t 


/50 




copol 


ior of poly(dl-lactide) ar ,h 




- ' j '> 


'ac- 




tone). 


iljout 5% doxycycline, i 




■ 3V 


N- 




nieth 


f>yrrolidone was prepan d 




t. 


Ex- 


50 


ampl.. 


1 . The polymer mixture 


1' < 




yed 




onto 


ubstrate and drug relei^' ■ 




it! 


♦ed. 




The ; 


1- strate was dialysis tubit (; 






nto 




a diff 


on cell and maintained ; 1 


«_/. 




ide 




of th. 


iffusion cell was filled . t 






uf- 


55 


fered 


itine (pH = 7.4) and tho r 






ent 




air. T 


side of the dialysis tu' ir 






air 




was ^ 


rayed with the polyme \' 




' K 


the 




diffus 


of doxycycline out 0 




01 


film 
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through the dialysis tubing and ii ; th 




i 


e 




or 


>\\\U Slrr. ; Cf Pl( {C;iJS J' 


s 


; plates 


buffered saline was measured. 'cy 






e 




Wt i 


: ^amincd :oi growth aKe. 


h 


ncuba- 


phosphate buffered saline was d ffjcl 






h 




tic I. 


tin gfowil: .vas oh^^)f. e 




iih the 


performance liquid chromatography 










PC,; 


r ') lilrn i catin ^ ■,.'] ! 
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EXAMPLE 7 

Wound Treatment 

A mixture can bo [,rt >^roi' 
10% of a 50/50 copolyrnor of f'^ ' 
poly(«-caprolactono), about 0.5% ; : . v: 
0.5% vancomycin, and 89% N-mo !i 
The polymer mixture will bo lorided i. o ■< 
yiene vial equipped with a ''ip tube r iino 
Freon'^" -loaded aerosol car. Tho r»o. met 
be sprayed onto a srrf^if^il irc*'3i')r t » 
incision together, like; ri g lufti 
will be evaluated fot cidhusi<.»:.. u. 
wound healing. 

EXAMPLE 8 

Treatment of Rashes 

A mixture can be pre;^aio(: 
8% of a 50/50 copolyaicr of [i j\ 
poly(*-caprolactone). about i% or i- 
a-a diphenol benzo i )i m i d n:^ o I c . 0 . f j % 
sulphate, about 0.5% bacitracin, and ! 
pyrrolidone. The polymer mixture v 
into a polyethylene vial eqMtpperJ w 'i a 
connected to a Freon'" -loaded aor sol ( 
polymer film will then be S!»raytr )\ a 
and skin will be observed for Ic-ilii a 
rash over time. 

EXAMPLE 9 

Treatment of Genital Mcrpos 

A mixture can t>e prepared con iris 
1% of acyclovir, about i% ibupi. fe. at 
triethylcitrate, and about 6% of a ' 0 : c 
of poly(dl-lactide) and poiy(f-c;i[M . :to 
83% N-methyl pyrrolidone. The \y t ne: 
will be loaded into a polyethylene \ tl 
with a dip tube connected to a Fr^ on 
aerosol can. The polymer fitm will thr bf ^ 
onto genital herpes legions and wili , . 
for pain relief, healing, and capacity j 
barrier to virus transmission. 

EXAMPLE 10 

Treatment of Mouth Soros 

A mixture can be prepared com. si " 
2% benzocaine, atxjut 0.5% phenol. ; u ' 
a 50/50 copolymer of poly (d Mac tide^ an 
caprolactone), and 97.5% N-mctt ' >y. 
The polymer mixture will Ix) loaded ) a 
yIene vial equipped with a dip lube f ne 
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acid), p)oly(amii.o :i'isj. poly . 
ether), cfiitin. cite an -ope 
polymers, and d'.y • i.it ^' 'i. 

9, An apparatus accorc ng l * ^ ,aifT> t, 

organic solvent is solr-^'eci tronn 

consisting of N-m .lyi ' -pyrr.yiit ' 

rolidone, elhanol. \ opy' n ) glyc 

acetic acid, ethyl ac -tate, Uiyl la-: 

acetate, fnethy. c ,y\ i 'one 

mamide, dimethyl r lfo> <r ^ 

tetrahydrofuran, ca; olaLi , * oi \ 
f oxide, oleic acid, ; ropytc e cirbf 
diettiyl-m-toluamide. and 

dodecylazacyclolie; in-i e, anc 
bination thereof. 
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12. An apparatus accor 'mg : ia' ) 
the biologically-acti" : a^^ ^ it. s-.- 
the group consistii j oi' . ubj.cte 
antiviral agents, antifungal .-;gents. ; t 
agents, anti-inflamr^^atory agents, 
mines, anaesthetics. anaK ' cs. ant 
agents, anti-neoplas;ic acji :.s, gro 
hormones, hormone regi ) *ors, oa. c .ascu ar 
agents, tranquili^c^Ms. CNS jent^, r ^-indrc- 
tive agents, kerolytic agon! -iW ivi ^ re v 
ing agents, antiper.s >irants anf, vi -ai .^^ 
mixtures thereof. 

13. An apparatus according ti^ .:laim ^ . I- f\ 
the liquid composiion f. * . er co- :> u . -.u 
agent which alters tt. reloar of t le 
biologically-active arj mt. 

14. An apparatus of cla.m l, nc ein .d 
comp>osition further cjmpii;; s a pla; <^ 

15. An apparatus according to aim 1, \ • . . i e 
liquid composition further i.«)rnpris( ...Ic;- 
ant. 

16. A method of forming an ii 'h- bio ndat 'e 
film dressing on a fiumar^ )r ani ti 
comprising the steps of: 

dispensing an eifective r mount i 
composition on tfie tissue, the liquic : r ifj..i- 
tion having a formulation a bioc j . 
bioerodible thermoplastic f il/mer \ i s )~ 
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26. The method of c \ 

the liquid conipt, iii ut; 
least one blologfc^.'iy .' 

27. A liquid compositior ; t' -^r . , i 5 
situ biodegradaoif^' ti - > . i ^i, ; 

animal tissue co. - ^ ; • i 

oi a biodegradat j I (u U : . ' 

polymer that is SI st:^ ' o' 

ous or body fluids: an- . i . a . , jo 

is miscible or dispeu. n . 'i 

fluids, and wherein thf : :nf,o;itt' ) :^ v - 

cosity which effecli e v: 

tion. and wherein r> • :it i s • 

coagulating or so ;i*v ' ^' ?5 

ing upon contact th . , 

28. A spray apparatu: . >, i < > 
film on a human or a • . :.suf cc - 
prises: 20 

(a) a liquid comvKisi 1 < . r.vi in t ir-f 1 
of a biodegrada' h ■> Ju > Me : 
polymer that s ^ a- itic- tn> . ' t t 
aqueous or be '*' fL I3 Mf' , * ' n f,- - 
propellant; 25 

(b) a vessel c tai 1 in ; 
tion and the aerosol 1 v/f!I.-;nt; 1.. 

(c) a valve and no^:; ? i .iech jnl : ,h : . 
Integral to the vtiss*^ d id in '^oi < tn r 

liquid conn pop; (VI ai d rcx ol pri .i - a i^o 30 
that the liquid '.oni, j, .on cii bt .r a* .d 
on the human ( t ant .a! liss. 

29. A biodegradable rnic oi I , 

comprised of a skit. , li i a 1. ji jrt* ; . 35 

wherein the skin portio ;as pore v • a sl - 

stantially smaller dian tcr th.-.n ti)^ ves ot 

the core portion, ^ind th i film ij fotr7-» i.oM a 

liquid compositior' of a .i < cgroiJable c tcJi- 

ble thermoplastic poly 'n that sn' sta- ; 1' ' 40 

insoluble in aquc ^us r b < f i 1. : 

organic solvent w: ch >s 0 1 c . . 

solidified by contact w ; aa ri\iu u;" o^ ; 
fluid. 



30. The film dressing of cla n 29. wherei- 10 cr re 
portion is under tt skii f^odion and i - ct ct 
with the tissue. 

31. The film dressing of da n ho v 
portion is under \t<: cot ocrtit ,1 a' I !. ' -^ot 
with the tissue. 
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@ Biodegradable film dressing and method for its formation. 
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@ The invention is directed to a biodegradable film 
dressing with or without additional therapeutic 
agents, an apparatus for spray delivery and a meth- 
od for formation of the film dressing on a human or 
animal tissue. The film dressing is formed from a 
liquid composition of at least one 
biodegradable/bioerodible thermoplastic polymer in a 
pharmaceutically acceptable solvent. The spray ap- 
paratus includes a vessel containing the liquid com- 
position with a dispensing means. The film is formed 
by dispensing, preferably by spraying, the liquid 
composition onto a tissue site and contacting the 
liquid composition with an aqueous based fluid to 
coagulate or solidify the film onto the human or 
animal tissue. The biodegradable film can used 
to protect and to promote healing of injured tissue 
and/or to deliver biologically active agents. 
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Background 

Coverings or dressings applied to the surface 
of fiuman or animal tissues can be used to protect 
tissue injuries, to deliver pharmaceutical or thera- 5 
peutical agents and to promote wound healing. In 
the case of conventional therapy for most surgical 
and traunrui wounds, including burns, one stage of 
treatment requires a semi-permanent covering or 
dressing. The purposes of this dressing can in- w 
elude mechanical protection of the wound, preven- 
tion of microbial contamination, prevention of 
wound dehydration, removal of wound exudate, and 
delivery of high local levels of a therapeutic agent. 
As wound treatments vary depending on the type is 
and severity of the wound, several natural and/or 
synthetic dressings have been developed for short 
and long-tenm application. However, most of these 
dressings have one or more disadvantages includ- 
ing the need for frequent removal, difficulty In 20 
adhesion, improper mechanical properties, or drf- 
ficutty in application. 

Most cunrently available topical therapeutic for- 
mulations used with dressings are inefficient. This 
inefficiency results because of loss of the therapeu- 25 
tic agents through perspiration and mechanical ac- 
tion, inability of the agent to penetrate skin and 
mucous membranes, and crystallization or precipi- 
tation of the agents at the tissue site. Some topical 
therapeutic fomiulations are incorporated into the 30 
materials forming the dressings to t>e applied as 
patches, preformed sheets or by spray. More typi- 
cally, wound coverings or dressings are used with 
ointments of a topical antibiotic and/or antifungal 
formulations. Whether used with or without dres- 35 
sings, topical fonmulations in the form of creams, 
ointments or liquids are difficult to apply and main- 
tain at the injury site. They are rapidly removed by 
mechanical action and/or body fluid dissolution. If 
used in combination with a dressing, therapeutic 40 
formulations have several other drawbacks includ- 
ing lack of biodegradabilrty, damage or irritation to 
the skin during removal of the dressing, covalent 
bonding or other interaction of the therapeutic 
agent and the dressing, inability to use a wide 45 
variety of therapeutic agents, and inadequate adhe- 
sion of the dressing. 

Therefore, it is an object of the present inven- 
tion to provide for a film covering or dressing for 
biological tissue. Another object is to provide for so 
spray delivery of a liquid composition containing a 
biodegradable or bioerodible polymer which will 
convert to the film covering. Another object Is to 
provide an apparatus for the spray delivery. An- 
other object is to provide for the formation of a film 55 
dressing which is biodegradable and does not re- 
quire removal from the surface of tissue while still 
maintaining good adhesive qualities. Another object 



is to provide for the formation of a film which is a 
semirpermeable barrier to oxygen and water while 
providing mechanical protection to the surface of 
the tissue including a ban^ier to organisms asso- 
ciated with infection. A further object is to provide 
for formation of a film which is capable of delivery 
of atj least one biologically-active agent over a 
desir^ period of time. Yet another object is to 
provide a method for promoting wound healing on 
a wide variety of injured tissues like skin, mucous 
memt^ranes, boms and nerves. 

Summary of the Invention 

T^ese and other goals are achieved by the 
present invention, which is directed to a biodeg- 
radable film with or without additional therapeutic 
agents, an apparatus for spray delivery of the 
biodegradable film, and a method for fonmation of 
the film on an animal tissue. The biodegradable 
film can be used to provide protection and promote 
healing of injured tissue and/or for delivery of bio- 
togicaily active agents or substances. 

The biodegradable film dressing or covering of 
tf)e pri&sent invention provides an adhesive, strong, 
flexible, biodegradable, mechanical and microbial 
barrier) and/or pharmaceutical delivery system for 
protection and/or treatment of tissue. The film is 
formed from a liquid composition of at least one 
biodegradable or bioerodible. substantially water- 
insoluble, non-reactive thermoplastic polymer in a 
pharmiaceutically acceptable solvent which may op- 
tionally contain a biologically active agent. The 
thermoplastic polymer preferably has a molecular 
weight and a concentration in the liquid composi- 
tion to| achieve a viscosity that allows the composi- 
tion tci be aerosolized and also to provide a film 
which \ is adhesive, cohesively strong and a me- 
chank:al and microbial barrier. The thermoplastic 
polymer also preferably has a low glass transition 
temperature (Tg) to provide (or a soft and flexible 
film. TTie thermoplastic polymer can also be suffi- 
cien^lghydro^ilj^o provide for diffusivity of water, 
oxygen, and'lujtrients through the film. The film 
can be microporous if a pore forming agent is 
added; or can be substantially non porous. The film 
can also have low oxygen and water permeability. 
Other desired film properties can be achieved by 
adding! one or more of the following components to 
the Ik^id composition: plasticizers. colorants, bio- 
logically active agents, and/or agents which en- 
hance i release or percutaneous absorption of the 
biologically active agents. 

Tci form the film dressing, the liquid composi- 
tion is i dispensed to the tissue site, whereupon the 
solvent diffuses or dissipates into the surrounding 
tissues or into aTTSqueouy layor applied after the 
film driessing. Upon contact with an aqueous based 
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fluid, the thermoplastic polymer, which is substan- 
tially insoluble in the aqueous based fluid, coagu- 
lates or solidifies to form a microporous film or 
gelatinous matrix. The liquid composition can also 
be comprised of a themnoplastic polymer in a liquid 5 
aerosol propellant. The composition is sprayed 
onto a tissue site, and. as the aerosol propellant 
evaporates, the thermoplastic polymer coagulates 
to form a film or gelatinous matrix. 

In a preferred version, the film dressing is 10 
microporous and has a two-layered pore structure 
composed of a core portion and a skin portion. The 
skin portion has pores with diameters significantly 
smaller than those of the core portion. The pores 
are formed as the solvent or pore fonning agent ts 
diffuses out of the coagulating or solidifying film 
and Into the surrounding tissue or aqueous fluids. 
The skin portion can be formed on top of the core 
portk5n with the core portion or layer in contact with 
the tissue, or the skin portion layer can be under 20 
the core portion and in contact with the tissue. 
Alternatively, the film dressing can have a homo- 
geneous microporous structure, with pores evenly 
distributed througwbut the film. 

Several factors influence the size and distribu- 25 
tion of the pores fonmed in the film dressing. For 
example, the addition of a pore forming agent to 
the liquid composition will produce a film having 
about the same diameter pores throughout the film. 
The size and/or quantity of the pore forming agent 30 
as well as the distribution of the agent in the 
coagulating or solidifying film can influence pore 
size and number in the film. It is preferred that the 
size and number of pores of the film dressing 
facilitate diffusion of nutrients, oxygen, water and 35 
the biologically active agents. It is further preferred 
that the degree of porosity in the matrix provides 
for a film which is capable of substantially main- 
taining structural integrity for the desired period of 
time without cracking or breaking up during use. 40 

The liquid composition can further contain at 
least one biologically active agent which provides a 
biological, physiological or therapeutic effect in a 
human or animal. The biologically active agent is 
incorporated in the film dressing and is subse- 45 
quentiy released into the surrounding tissue. The 
biological agent can act to enhance cell growth and 
tissue regeneration, cause nerve stimulation or 
bone growth, prevent infections, promote wound 
healing and/or provide pain relief. Accordingly, the 50 
invention provides for a film dressing capable of 
functioning as a delivery system of drugs, medica- 
ments, and other biologically active agents to tis- 
sues. Preferably, the film can act as a sustained or 
timed release matrix. 55 

Additives can also be incorporated into the 
liquid composition to effect both drug release and 
mechanical properties. Plasticizers increase the 



flejtibility of the microporous film dressing. Agents 
can be added to modify the release of drugs and/or 
to I enhance percutaneous absorption of the drug 
after release. 

i The spray apparatus of the invention includes a 
vessel with a dispensing means for spray delivery 
of the liquid composition located within the vessel. 
The type of vessel employed depends on the 
choice of dispensing means and includes cans or 
bottles of glass, plastic or metal. The dispensing 
mejans can be a pump, a fluid pressurizing compo- 
nent, a collapsible vessel with a tube or jet, or an 
aerpsol propellant with associated valve mecha- 
nisms. Generally, any chemical, mechanical or 
electronic mechanism for propelling the liquid com- 
position as a liquid stream, liquid droplets or atom- 
ized spray from the vessel is appropriate as the 
idis^nsing means. The preferred dispensing 
means is a compatible liquid or gaseous aerosol 
propellant with a valve mechanism which enables 
atomized spray delivery of the liquid composition 
ontp a human or animal tissue. 

: The method of forming the biodegradable film 
dressing on a human or animal tissue involves 
dispensing the liquid composition of biodegradable 
or bioerodible thermoplastic polymer with an op- 
tional bioactive agent in an organic solvent onto the 
hurhan or animal tissue and contacting the liquid 
composition with an aqueous-based fluid to coagu- 
late! or solidify the film onto the human or animal 
tissue. As the organic solvent dissipates or diffuses 
into' the surrounding tissue or aqueous-based fluid, 
the! thermoplastic polymer comes into contact with 
the I aqueous-based fluid, and since the thermoplas- 
tic ; polymer is substantially insoluble in the 
aqiieous-based fluid, it coagulates or solidifies to 
forrn a film dressing. The aqueous-based fluid can 
t>e a body fluid present on the surtace of the tissue 
or an aqueous-based fluid applied to the tissue 
t>ef9re or after application of the liquid composition. 
The liquid composition and/or aqueous-based fluid 
can be administered to the tissue site by any 
suitable method for applying a liquid, as for exam- 
ple, by squirting, painting, brushing, and preferably 
by spraying the composition onto the tissue site. 

The invention also provides a method of using 
the I film dressing to treat injured tissue of a human 
or animal and to administer biologically active 
agejnts by topical transport through the skin of a 
human or animal. The method involves administer- 
ing ; to a human or animal one of the foregoing 
compositions in an amount effective to form a film 
dressing. The film dressing optionally contains at 
least one biologically active agent, which acts to 
entrance cell growth and/or tissue formation, or to 
prevent the growth of infectious agents, or to re- 
dude pain and/or inflammation or, in the alternative, 
if drug delivery is contemplated, can act according 
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to its recognized biological activity. The film dress- 
ing can also serve to bind tissue together, like a 
suture or hold tissue apart, like a surgical barrier. 
The liquid composition is administered to skin, a 
surgical incision, a burn, a body cavity, or to a site 
of tissue injury. The film dressing of the present 
invention provides a cohesively strong, adhesive, 
biodegradable, mechanical and microbial barrier 
capable of protecting and promoting healing of the 
injury. 

Brief Description of the Rgures 



Figure 1 summarizes the cumulative release of 
doxycycline from the polymer film over time. 15 

Detailed Description of the Invent ion 

The biodegradable film dressing or covering is 
formed from a liquid composition of at least one 20 
biodegradable or bioerodible, substantially water- 
insoluble, non-reactive thermoplastic polymer in a 
pharmaceutically acceptable organic solvent. Alter- 
natively, the liquid composition is composed of a 
biodegradable thermoplastic polymer in a liquid 25 
aerosol propellant. Optionally- the liquid composi- 
tion can include a pore forming agent, plasticizers, 
colorants, biologically active agents, and/or agents 
whicfi enhance release or percutaneous absorption 
of the biologically-active agents. 30 

To form the film dressing, the liquid composi- 
tion is dispensed to a tissue site, whereupon the 
solvent diffuses or dissipates. The thermoplastic 
polymer is sut>stantially insoluble in aqueous-based 
fluid and upon contact with an aqueous-teased fluid 35 
it coagulates or solidifies to form a film or gelat- 
inous matrix. The film can be nonporous or micro- 
porous. When the film is microporous, pores can 
be formed in the film either uniformly or asymmet- 
rically as the solvent and optional pore forming 40 
agent diffuse or dissipate out of the coagulating or 
solidifying matrix. The liquid composition can be 
dispersed from a spray apparatus comprised of a 
vessel with a dispensing means, and preferably the 
dispensing means is an aerosol propellant with 45 
associated valve mechanism. When the film dress- 
ing is administered to an injured tissue site, it 
provides a cohesively strong, adhesive, biodeg- 
radable, mechanical and microbial barrier which is 
optionally capable of delivery of biologically-active so 
therapeutic agents. When the film dressing is used 
as a topical transport reservoir for pharmaceutical 
agents, it binds intimately to the skin and is ca- 
pable of delivering appropriate doses of the agent. 

55 



Thermoplastic Polymer Comp osition 

Thermoplastic polymers useful in the film 
dressing and liquid composition of the invention 
inclujde biologically and/or pharmaceutically com- 
patible polymers that are bioerodible and biodeg- 
radable. Highly preferred thermoplastic polymers 
have|a low Tg so that they are soft and flexible, yet 
also adhesive and cohesively strong. The thermo- 
plastjc polymer can also provide for water dif- 
fusivifty. preferably within the range of about 
2x10r* to 500x10-* gm/cm^/hr. more preferably 
abouj 10x1 0-« to 200x10-« gm/cm^/hr. The ther- 
moplastic polymers are substantially insoluble in 
aqueous or body fluids, but are capable of dissolv- 
ing or dispersing in a water miscible carrier or 
solvent to form a solution or dispersion. Upon dis- 
sipation of the solvent component and contact with 
an aqueous teased fluid, the thennoplastic poly- 
mers! are capable of coagulating or solidifying to 
form a solid or gelatinous mati^ix suitable for use as 
the film dressing. 

The kinds of thermoplastic polymers suitable 
for ttije film dressing and liquid composition gen- 
erally] include any having the foregoing characteris- 
tics. [Examples are polylactides. polyglycolides. 
polycaprolactones. polyanhydrides. polyamides, 
polyurethanes. polyesteramides, polyorthoesters. 
polydioxanones. polyacetals, polyketals. polycar- 
bonatbs, polyorthocarbonates. polyphosphazenes. 
polyhydroxybutyrates. polyhydroxyvalerates. 
polyaikylene oxalates, polyalkylene succinates. 
poly(malic acid). poly(amino acids). poly(methyl vi- 
nyl eiher). poly{maleic anhydride), chitin, chitosan. 
and popolymers. terpolymers, or combinations or 
mixtures therein. Polylactides, polycaprolactones. 
polyglycolides and copolymers thereof are highly 
prefenred thermoplastic polymers. Optionally, the 
first two can be combined with glycolide to en- 
hance the solubility of the polymer in the organic 
solvent of the composition. 

The thermoplastic polymer is combined with a 
suitatjle organic solvent to form a dispersion or 
solutipn. The solubility or miscibility of a polymer in 
a particular solvent will vary according to factors 
such jas crystallinity, hydrophilicity, capacity for 
hydroigen-bonding and molecular weight of the 
polynrjer. Consequentiy. the molecular weight and 
the concentration of the polymer in the solvent are 
adjusted to achieve desired miscibility. Highly pre- 
ferred thermoplastic polymers are those which 
have isolubility pearameters which include a low de- 
gree 6f crystallization, a low degree of hydrogen- 
bonding, low solubility in water, and a high solubil- 
ity inl organic solvents. In addition, the molecular 
weight and concenh-ation of tiie polymer in the 
solvent can be adjusted to achieve the desired 
viscosity. The liquid composition preferably has a 
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viscosity which effectively provides for aerosoliza- 
tion of the composition while maintaining sufficient 
adhesion and cohesive strength of the film dress- 
ing. A viscosity that effectively provides for 
aerosolization is a viscosity which provides the 5 
liquid composition with flow properties and surface 
tension sufficient to allow for formation of small 
droplets in an aerosol. The viscosity can also be 
such that the evaporation of the solvent is not rapid 
enough to prevent coalescence of the aerosol w 
drops on the surface of the tissue in the formation 
of the film dressing. Suitable solution viscosities 
include about 0.1 to 2000 cps, preferably about 1 
to 100 cps. more preferably about 1 to 50 cps. 

According to the invention, the liquid composi- 75 
tion is administered to a tissue site, whereupon the 
solvent dissipates- Upon contact with the sun-ound- 
ing aqueous fluids;>the polymer moiety coagulates 
or solidifies to form a solid or gelatinous matrix for 
use as a film at the tissue site. The solvent can 20 
evaporate or quickly diffuse into the surrounding 
tissue fluids or aqueous-based fluids to enhance 
formation of the polymer matrix following admin- 
istration of the composition to the tissue site. 

Preferably, the polymer matrix or film dressing 25 
is capable of adhering to the; adjacent tissue by 
mechanical forces to at least partially bind or attach 
the film to the adjacent tissue, and/or mechanically 
bind two tissues together. The film dressing is 
preferably microporous but can also t>e substan- 30 
tially nonporous. When the film is microporous. it 
provides for diffusivity of water, oxygen, nutrients, 
and wound exudate to and/or from tf)e tissue site. 
The film can also provide for very low oxygen and 
water diffusivity depending on the presence, size 35 
and distribution of pores. A substantially nonporous 
film allows for no diffusivity of water and oxygen. 
Both porous and sut>stantially nonporous films can 
provide an adhesive, strong, flexible, biodegrada- 
ble, mechanical, and microbial barrier. 40 



Solvents 

Solvents suitable for the liquid composition are 
those which are biocompatible, preferably phar- 
maceutically acceptable, and miscible with the 
polymer component and water. Preferably, the sol- 
vent has a Hildebrand (HLB) solubility ratio of from 
about 9(cal/cm3)* to 1 3(cal/cm3)*. The degree of 
polarity of the solvent should be effective to pro- 
vide at least about 10% solubility in water, and to 
dissolve, disperse or suspend the polymer compo- 
nent into solution. The solvent can be a liquid 
aerosol propellant or compatible with gaseous 
aerosol propellant so that the gaseous propellant 
can dissolve to some extent into the solvent. Upon 
application to a tissue site, the solvent diffuses into 
the adjacent tissues or into an aqueous medium. 



50 



55 



The concentration of polymer in the solvent for the 
liquid composition will generally accomplish rapid 
an^ effective dissipation of the solvent and coagu- 
latjon of the polymer. This concentration can range 
frc^ 0.01 g of polymer per ml of solvent to a 2 g 
pejr ml solvent, preferably from 0.08 g per ml to 1.2 
g per ml solvent. 

I Solvents which can be used in the thermoplas- 
tic | polymer composition of the invention include, 
fori example, N-methyl-2-pyrrolidone. 2-pyrTolidone, 
C2 1 to Cg alkanols, propylene glycol, acetone, alkyi 
es^rs such as methyl acetate, ethyl acetate, ethyl 
lactate. alkyI ketones such as methyl ethyl ketone, 
diaikylamides such as dimethylformamide. 
dimethyl sulfoxide. dimethyl sulfone, 
fetrahydrofuran. cyclic alkyI amides such as 
caprolactam, decylmethylsulfoxide. oleic acid, pro- 
pylene carbonate, amides such as N/^-<Jiethyl-m- 
toluamide. and 1 -dodecylazacycloheptan-2-one. 
Preferred solvents according to the invention in- 
clude N-methyl-2-pynrolidone, 2-pyrrolidone, ethyl 
lactate, propylene cart>onate. dimethyl sulfoxide 
and acetone. 

I Solvents which also can be used are those that 
are| liquid aerosol propellants. for example, trich- 
lorcimonofluoromethane. dichlorodifluoromethane. 
dichloromonofluoromethane, 2-tetrafluoroethane, 
1,l^ichloro-1.2,2.2-tetrafluoroethane. 1-chloro-1 ,1- 
difluoroethane, 1,1-difluoroethane. octofluorobutane. 
propane, isobutane, N-butane, and mixtures there- 
of. \ 

I A mixture of solvents can be used to increase 
the i coagulation rate of polymers which exhibit a 
slow coagulation or setting rate. For example, the 
polymer can t>e combined with a coagulant-promot- 
ing i solvent system composed of a mixture of a 
goo|d solvent and a poorer solvent or a non-solvent 
for the polymer component. It is preferred that the 
solvent mixture contain an effective amount of the 
twoj solvents such that the polymer will remain 
sdgble in the mixture but coagulate upon dissipa- 
tion! or diffusion of the solvents into surrounding 
tissue fluids at the tissue site. 



45 Porje Formation and Porosity 



jUpon contact with an aqueous tKXly fluid or 
water, the liquid composition coagulates or solidi- 
fiesi to form a film. The film can be microporous or 
substantially nonporous. In a microporous film em- 
txxfiment. pores can be formed in the film by 
dissipation, dispersement or diffusion of the solvent 
andj an optional pore forming agent out of the 
solidifying polymer matrix. The size and distribution 
of pores can be asymmetric so that a two-layer 
core and skin structure is formed, or they can be 
uniform. Preferably the amount, size, and distribu- 
tion! of the pores provide for water diffusivity, cohe- 
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sive strength, and a barrier to microorganisms. 

In a prefen-ed version, the film dressing has a 
two-layered asymmetric pore structure composed 
of a core portion and a skin portion. The skin 
portion has pores with significantly smaller diam- 5 
eters than that of the pores in the core portion. The 
skin portion can be formed on top of the core 
portion with the core portion in contact with the 
tissue, or the skin portion or layer may be under 
the core portion and in contact with the tissue. w 
Attematively, the film dressing can have a homo- 
geneous pore structure with pores evenly distrib- 
uted throughout the film dressing. 

A pore forming agent can be included in the 
liquid composition to generate additional pores in 75 
the polymer matrix. Pore forming agents include 
any pharmaceutically acceptable organic or inor- 
ganic water-soluble substance > that is substantially 
miscible in water and body fluids and will dissipate 
from the in situ formed microporous film. In one 20 
version, the pore forming agent is biocompatible, 
and soluble in body fluids and water as well as in 
the organic solvents. The pore forming agent can 
also be insoluble in organic solvents and soluble in 
body fluids and water. The pore forming agent can 25 
also be soluble or insoluble in the organic solvent, 
and insoluble in body fluids and water, but can 
degrade to a water-soluble agent The pore forming 
agent is capable of diffusing or dispersing out of 
the coagulating polymer matrix and into the adja- 30 
cent fluid, whereupon pores are generated in the 
polymer matrix. 

The pore forming agents, when combined with 
the thermoplastic polymer and solvent, preferably 
form a uniform mixture of a dispersion or suspen- 35 
sion or a solution. When the mixture is admin- 
istered to a tissue site, the solvent and/or pore 
fonning agent preferably dissipate or diffuse, caus- 
ing the fomnation of microporous channels within 
the coagulating polymer matrix. Optionally, the 4o 
pore forming agent can become incorporated into 
the polymer matrix, and dissipate into the sur- 
rounding tissue fluids at a rate slower ttian that of 
the solvent, or l>e released from the matrix by the 
biodegradation or bioerosion of ttne implant matrix. 45 
As the slowly dissipating pore forming agent dis- 
sipates or diffuses into the surrounding tissues, it 
can also act to enhance percutaneous absorption of 
any biologically active agents. 

Suitable pore forming agents include, for exam- so 
pie. sugars such as sucrose and dextrose, salts 
such as sodium chloride and sodium carbonate, 
and polymers such as hydroxy Ipropy Ice llulose, car- 
boxy methylcellu lose, polyethylene glycol, and poly- 
vinylpyrrolidone. The concentration of pore-forming 55 
agent relative to polymer in the composition will 
vary according to the degree of pore-formation 
desired. Generally, this concentration will range 



froml 0.01g of pore-forming agent per gram of 
polymer to about 1g per gram of polymer. 

The size or diameter of the pores formed in the 
malrik can be modifled by the size and/or distribu- 
tion of the pore-forming agent within the polymer 
matrik. For example, pore-forming agents which are 
relatively insoluble in the polymer matrix, can be 
selectively included in the composition according 
to particle size to generate pores having a diameter 
which conresponds to the size of the pore-forming 
agent Pore-fonning agents which are soluble in the 
polyrner mixture can vary the pore size and poros- 
ity off the polymer mixture according to the pattern 
of dis^ibution and/or aggregation within the mixture 
and resufting polymer matrix. Suitable size and 
distribution of pores are those allowing for water 
diffuslvity while maintaining complete t)arrier pro(> 
erties; to microorganisms and providing for cohe^ 
sive Strength of the microporous film. 

Tp provide an effective microporous film, it is 
preferjed that the diameter of the pores be about 
3-5001 microns, more preferably about 3-200 
microns, and even more preferably about 3-100 
microns, and most preferably 3-50 microns. It is 
further preferred tfiat the matrix has a porosity of 
about; 5-95%. preferably about 25-85% in order to 
provide preferred water diffusivity, preferred ex- 
change of nutrients and oxygen, preferred struc- 
tural integrity including cohesive strength, and an 
preferred barrier to microorganisms. 



Bioloflicaily-Active A gents 

The in situ formed microporous film can also 
provkje a delivery system, including a transdermal 
delivery system, for biologically-active agents to 
adjacent or distant body tissues and organs. 
Biologically-active agents which can be used alone 
or in comt>i nation in the present compositions in- 
clude! medicaments, drugs, or any suitable 
biologically-, physiologically- or pharmacologically- 
activej substance which is capable of providing 
local or systemic biological or physiological activity 
in a human or animal. The biologically-active agent 
must be capable of being released from the poly- 
mer matrix into the adjacent or surrounding aque- 
ous flLiid and/or tissues. 

71)0 biologically-active agent can be miscible in 
the pplymer and/or solvent to provide a homo- 
genous mixture with the polymer, or insoluble in 
the polymer and/or solvent to form a suspension or 
disperjsion with the polymer. Upon administration of 
the composition to the tissue site, the biologically- 
activei agent preferably remains or becomes incor- 
poraleid into the polymer matrix. As the matrix 
biodegrades and/or bioerodes, the biologically-ac- 
tive agent can be released from the matrix into the 
adjacent tissue. Preferably, the biologically-active 
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agent is released into ttie adjacent tissue at a 
controlled rate. For example, the polymer matrix 
can be formulated to degrade after an effective 
and/or substantial amount of the biologically-active 
agent is released from the matrix. Release of a s 
biologicaily-active agent having a low solubility in 
water, as for example a peptide or protein, can 
require the degradation of a substantial part of the 
polymer matrix to expose the agent directly to the 
surrounding tissue fluids or can require the pros- io 
ence of a release modifying agent. Thus, the re- 
lease of the biologically-active agent from the ma- 
trix can be varied by. for example, the solubility of 
the biologically-active agent in water, the distribu- 
tion of the biologically-active agent within the ma- is 
trix. or the size, shape, porosity, solubility and 
biodegradability of the polymer matrix, among oth- 
er factors. > 

The composition and in situ formed film con- 
tain the biologically-active "agent in an amount ef- 20 
fective to provide the desired biological, physiologi- 
cal, pharmacological and/or therapeutic effect, op- 
tionally according to a desired release profile, 
and/or time duration of release. It Is further pre- 
ferred th«it the biologically-active agent is included 25 
in the polymer composition in an amount effective 
to provide an acceptable solution or dispersion 
viscosity. The film can function in wound healing or 
as a transdermal delivery system for the biologi- 
cally active agent. 30 

The biologically-active agent can also be a 
substance, or metabolic precursor thereof, which is 
capable of promoting growth and survival of cells 
arKf tissues, or augmenting the activity of function- 
ing cells, as for example, blood cells, neurons, 35 
muscle, bone cells, epittielial cells and tissues, and 
the like. For example, the biologically-active agent 
can t>e a nerve growth promoting substance, as for 
example, a ganglioside, phosphatidylserine, a 
nerve growth factor, brain-derived neurotrophic fac- 40 
tor, a fibroblast growth factor, fibronectin (FN), en- 
dothelial cell growth factor (ECGF), cementum at- 
tachment extracts (CAE), human growth hormone 
(HGH), a periodontal ligament cell growth factor, 
human or animal growth hormones, platelet derived 45 
growth factor (PDGF), epidermal growth factor 
(EOF), protein growth factor interieukin-1 {IL-1), 
transforming growth factor (TGF^-2), insulin-like 
growth factor H (ILGF-II), human alpha thrombin 
(HAT), osteoinductive factor (OIF), bone mor- 50 
phogenetic protein (BMP), or proteins derived 
therefrom and releasing factors thereof. 

Suitable biologically-active agents also include 
substances useful in preventing infection at the 
tissue site, as for example, antiviral, antibacterial, 55 
antiparasitic, and antifungal substances and com- 
binations thereof. 



; The delivery system can contain a large num- 
ber of biologically-active agents either singly or in 
cohnblnation. Examples of these biologically-active 
agents include, but are not limited to; 

\ Anti-bacterial agents such as penicillins, 
ce^bhalosporins, vancomycin. bacitracin, 
cephalosporins, polymxyins. amikacin, doxycycline, 
nystatin. amphotericin-B. tetracyclines, chloram- 
phenicol, erythromycin, neomycin, streptomycin, 
kanamycin, gentamicin. tobramycin, clindamycin, 
rifainpin, nalidixic acid, flucytosine, griseofulvin, 
and the like; 

i Antiviral agents such as vidarabine, acyclovir, 
ribavirin, amantadine hydrochloride, interferons, 
dideoxyuridine, and the like; 

: Antifungal agents such as nystatin, gentamicin, 
miconazole, tolnattate, undecyclic acid and its 
salts, and the like; 

i Antiparasitic agents such as quinacrine, 
chlproquine. quinine, and the like; 

; Anti-inflammatory agents such as pro- 
gesterone, hydrocortisone, prednisone, fludrocor- 
tispne, triamcinolone, dexamethasone, be- 
tamethasone, and the like; 

; Antihistamines such as diphenhydramine, 
chlorpheneramine, chlorcyclizine, promethazine, 
cinietidine. terfenadine, and the like; 

i Anaesthetics such as cocaine, benzocaine. 
noyocaine, lidocaine, buplvocaine, and the like; 

i Analgesic agents such as salicylic acid, salicy- 
late esters and salts, acetaminophen, ibuprofen, 
nrwrphine, phenylbutazone, indomethacin. sultndac, 
tolmetin. zomepirac, and the like; 

; Antineoplastic agents such as methotrexate, 5- 
fluorouracil, bleomycin, tumor necrosis factors, tu- 
mor specific antibodies conjugated to toxins, and 
the} like; 

I Growth factors such as colony stimulating f ac- 
tor, j epidenmal growth factor, erythropoietin, 
fibroblast growth factor, neural growth factor, hu- 
man growth hormone, platelet derived growth fac- 
tor.! insulin-like growth factor, and the like;- 

I Hormones of natural and synthetic origin as 
well as hormone regulatory agents such as insulin. 
FSN, ACTH, testosterone, anti-fertility compounds, 
estrogen, calcitonin and the like; 

I Kerolytic agents such as benzoyl peroxide, sa- 
licylic acid, trichloroacetic acid, piroctone. and wart 
treatment compounds such as salicylic acid, trich- 
loroacetic acid and lactic acid, singulariy or in 
cornbination with antiviral agents; 

I Tranquilizers of major and minor physiological 
activity as well as CNS pharmaceuticals; 

i Vitamins and vitamin derivatives such as Vita- 
mih A, retinol, retinoic acid, a-tocopherol (Vitamin 
E),i 7-dehydrochloresterol (Vitamin D), Vitamin K. 
thiamine riboflavin, niacin, pyridoxine, biotin, an- 
tothenic acid, ascorbic acid, choline, inositol, and 
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the like. 

The biologically-active agent can be included in the 
compositions in the form of, for example, an un- 
charged molecule, a molecular complex, a salt, an 
ether, an ester, an amide, or other form to provide 
the effective biological or physiological activity. 

Choice of the particular biologically active 
agent or agents will depend upon the malcondition 
or condition to be treated, which choice will be 
made by the attending health care professional. 
Without a bioactive agent, the composition can 
function as a structure to promote cell growth and 
tissue repair and/or to bind or hold tissue together 
or to keep tissue apart. With a bioactive agent, the 
composition will not only function in such capacity 
but will also function to deliver the bioactive agent. 

The amounts and concentrations of composi- 
tion administered to the patient will generally be 
sufficient to accomplish the task intended. If that 
task is for administration of bioactive agent, the 
amounts and release rates will follow recommenda- 
tions of the manufacturer of the bioactive agent. 
Generally, the concentration of bioactive agent in 
the liquid polymer matrix will be from 0.01 mg per g 
of matrix to 400mg per g of matrix. 

Other Additives 



Depending on the desired properties of the film 
dressing, other additives can be incorporated into 
the liquid composition. Additives can effect both 
drug release and mechanical properties of the film. 
Such modifiers can be added in effective amounts 
to increase flexibility, to control permeability, to 
slow drug release, to increase percutaneous ab- 
sorption of biologically active agents, and to moni- 
tor biodegradability. By way of example, the modi- 
fier triethyl citrate can t>e combined with the liquid 
composition to modify the function of the film by 
controlling permeability and to slow drug release. 

Examples of suitable modifiers include phthalic 
esters, benzylphthalates, glycol benzoates, trimel- 
iitates, adipates, azelates. sebacates. esters of al- 
iphatic and aromatic di- and tricartxtxylic acids, 
organic phosphates, sesame, soyt)ean and other 
oils. 

Examples of suitable compounds which can be 
added to increase percutaneous absorption of bio- 
logically active agents include propylene glycol, 
glycerol, urea, diethyl sebecate, sodium lauryl sul- 
fate, sodium laurye sulfate, sorbitan ethoxylates, 
oleic acid, pyrrolidone carboxylate esters, N-methyl 
pyrrolidone, N,N-diethyl-m-toIuamide, dimethyl sul- 
foxide, alkyi methyl sulfoxides, and mixtures there- 
of. 

Colorants can also be added to the liquid com- 
position in an amount effective to allow monitoring 
of the biodegradability or bioerodibility of the 



15 



20 



26 



30 



35 



40 



45 



50 



14 



microporous film over time. Colorants are nontoxic, 
non-irritating and non-reactive with the solvent in 
tt>e liquid composition. Colorants which have been 
approved by the FDA for use in cosmetics, foods 
5 and drugs include: D & C Yellow No. 7; D & C Red 
No. 17; D & C Red No. 7. 9. and 34; FD & C Red 
No. 4; Orange D & C No. 4; FD & C Blue 2; FD & 
C Green No. 3, and the like. 

10 Spray Apparatus for Delivery of the Uquid 
Composition 

The liquid composition can be dispensed on a 
tissue { site by painting, dropping, squirting and pref- 
erably: by spraying. The spray apparatus of the 
preser>t invention irrcludes a liquid composition of 
the thermoplastic polymer in an organic solvent in 
a vessel with a dispensing means for spray deliv- 
ery of the liquid composition to the human or 
animal tissue. In an alternative embodiment, the 
spray i apparatus contains a liquid composition of 
thermoplastic polymer in a liquid aerosol propel- 
lant. ; 

The vessel of the present invention is chosen 
from a variety of types of vessels depending on the 
method of dispensing the liquid composition. By 
way of example, when the dispensing means is an 
aerosol propellant with a valve and nozzle mecha- 
nism, ithe appropriate vessel is one which can 
withstand pressure generated by the presence of 
the aerosol propellant within the vessel. These 
pressure vessels are usually cylindrical in shape 
and composed of iron, aluminum alloys, glass or 
plastrcl Other suitable vessels include bottles, 
tut>es,ipads and tt>e like. 

The dispensing means can be any chemical, 
mechanical or electrical component which acts to 
propel! the liquid composition as a liquid stream, 
liquid droplets or atomized spray from the vessel. 
The diispensing means can t>e a pump, a fluid 
pressurizing component, a collapsible vessel with a 
tube or jet, or an aerosol propellant with associated 
valve mechanisms. By way of example, another 
suitable spraying device would include a device for 
use ini surgery having a vessel holding the liquid 
composition which is in fluid connection to a noz- 
zle, the liquid composition being delivered to the 
nozzle! by means of a pump, and the nozzle being 
actuated electronically so that delivery of the liquid 
composition can be controlled, as necessary, by 
the surgeon. The preferred dispensing means is a 
compaitible aerosol propellant with valve mecha- 
nism Which enables spray delivery of the liquid 
compxisition onto a human or animal tissue. 

55 
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Aerosol Propeltants 

The dispensing means of the spray apparatus 
can be comprised of at least one aerosol propel- 
lant. The aerosol propellant can be a liquefied or 5 
compressed gas which acts to dispense the liquid 
composition from a pressurized vessel upon ac- 
tuation of a valve in the dispensing means. The 
liquid composition can be delivered as a wet spray, 
fine spray, or a foam depending on the type of 10 
aerosol propellant employed. In the case of a liquid 
aerosol propellant, it is preferred that the propellant 
or propellants are substantially miscible with the 
organic solvent of liquid composrtion so that when 
the aerosol propellant is added to the liquid com- 75 
position, a solution is formed. Altematively, the 
liquid aerosol propellant can be similar in density to 
the liquid composition so that a uniform spray can 
be delivered upon mild shaking. In the case of a 
gaseous aerosol propellant, it is preferred that the 20 
gaseous propellant be somewhat soluble in the 
organic solvent of liquid composition. 

In another emtxxJiment, the thermoplastic poly- 
mer can be combined with a liquid aerosol propel- 
lant as solvent. In this case, the liquid aerosol 25 
propellant should be a solvent for the thermoplastic 
polymer and be present in an effective amount so 
that the thermoplastic polymer and propellant are 
delivered to the tissue site in a liquid form. Once 
the tissue site is contacted, the aerosol propellant 30 
rapidly dissipates and the thermoplastic polymer is 
coagulated or solidified upon contact with an aque- 
ous based fluid to form a microporous film. 

Suitable liquefied aerosol propellants include 
blends of fluorochlorohydrocart)ons, chlorinated hy- 35 
drocartx)ns, and hydrocartjons. Examples of 
fluorochlorohydrocartx)ns include trich- 
loromonofiuoromethane, dichlorodrfluoromethane. 
dichloromonoffuoromethane. 2-tetrafluoroethane. 
1 ,1-dichloro-1 ,2, 2-tetrafluoroethane. 1-chloro-1 .1- 40 
difluoroethane, 1.1-difluoroethane, and oc- 
tofluorocyclobutane, and mixtures thereof. Exam- 
ples of hydrocartx>ns include liquefied petroleum 
gases like propane, isobutane. and N-butane and 
mixtures thereof. The compressed gas propellants 45 
are preferably non-toxic, non-flammable, and inert. 
Examples include cartoon dioxide, nitrous oxide and 
N? and the like. 

The aerosol propellant is present within the 
vessel so that it is either mixed with or, in the case so 
of a gaseous propellant, in contact with the liquid 
composition. Alternatively, the liquid composition 
can be held within a chamt)er separated from the 
propellant by a barrier which responds to pressure 
exerted by the propellant to deliver the liquid com- 55 
position. In another alternative embodiment, the 
spray apparatus can have a co-dispensing valve 
and system so that two ingredients can be kept 



separate until dispensed. The product components 
are dispensed in stoichiometric amounts and thor- 
oughly mixed as they are delivered to the tissue 
site. For example, the liquid composition of thermo- 
plaistic polymer in an organic solvent can be held 
separate from a biologically active agent until they 
arel co^lispensed and mixed upon delivery. 

Mejthod of Forming the Biodegrada ble Film 
Dressing 

i The invention also provides a method of for- 
mifig a biodegradable film dressing on human or 
ani^nal tissue. The film is formed on the tissue by 
dispensing an effective amount of the liquid com- 
position of the thermoplastic polymer in the organic 
solvent and contacting the liquid with an aqueous 
ba^ed fluid to coagulate or solidify ttie film onto the 
human or animal tissue. An effective amount of the 
liquid composition is that amount which results in a 
film covering the tissue site, provides for a me- 
chanical and microbial t>arrier and optionally pro- 
vides a sufficient amount of a biologically active 
agent. Preferably an effective amount can be that 
amount which forms a film with a thickness within 
thelrange of about .001 to 5 mm, more preferably 
atx)ut .01 to 2.5 mm, and most preferably about 
preferably about 0.1 to 2 mm. 

The liquid composition can be administered to 
skin, a surgical incision site, a body cavity, a bum. 
or to a site of tissue injury. The liquid can be 
delij/ered to form a patch, a bandage, a suture or to 
hold tissue apart as a surgical -barrier. The liquid 
conri position can be applied to exterior surfaces like 
skin or mucous membranes or to internal surfaces 
of organs, bones, and nerves tinal are accessible 
by isurgery. When the film is functioning as a 
delivery system for biologically active agent, the 
film I can be preferably formed as a patch or t>an- 
dage or wound dressing. In a preferred version, the 
film i dressing acts as a transdermal delivery system 
for biologically active agents and is applied to the 
skin or mucous membrar>e as a patch or t>andage. 

The liquid composition is dispensed by p>aint- 
ing.i dropping, brushing, squirting and preferably by 
spraying. The solvent rapidly diffuses or dissipates 
intoi the surrounding tissue and, upon contact with 
an aqueous based fluid, the thermoplastic polymer 
coagulates or solidifies to form a gelatinous matrix 
or a film dressing. A microFX)rous emtxxliment can 
have a two-layered asymmetric pore structure with 
a core portion and a skin portion. The skin portion 
has iix)res with significantly smaller diameter than 
the pores of the core portion. Altematively. the film 
dressing can have a homogeneous pore structure, 
or be substantially nonporous. 

The aqueous-based fluid can be a body fluid 
already present at the tissue site, such as blood, 



9 



17 



EP0 560 014 A1 



18 



serum, plasma, sweat, perspiration, and wound ex- 
udate and the like. The aqueous based fluid can 
alternatively be applied to the tissue site either 
before or after application of the liquid composition. 
A preferred aqueous based fluid is water, but suit- s 
able aqueous based fluids also include physiologi- 
cal solutions of sodium phosphate, sodium citrate, 
sodium acetate, sodium chloride, dextrose and su- 
crose, and the like. An aqueous based fluid can 
also be a fonmulation of a cream or an ointment w 
containing at least one biotogically active agent, 
preferably applied to the tissue site before the 
liquid composition is applied. The aqueous based 
fluid can be applied to the tissue site by painting, 
brushing, squirting, or preferably by spraying. 15 

Method of . Using the Film Dress ing To Treat 
Injured Tissue 



The liquid composition can be administered in 20 
an effective amount to an injured tissue site. The 
injured tissue site can be a surgical incision, a 
break in a bone, a skin or organ laceration, a burn, 
a rash, a viral lesion, a skin cancer or site of 
removal of a tumor, and the like. The damaged 25 
tissue can be external, such as skin, mucous mem- 
branes of the mouth, nose, vagina and rectum, and 
the eye. Attematively, the damaged tissue can be 
an internal tissue or organ which is accessible 
during surgery. An effective amount of liquid com- 30 
position is that amount which covers the injured 
tissue site with a film of sufficient thickness and 
porosity to provide for a mechanical end microbial 
t>arrier and a cohesively strong film with sufficient 
adhesion. The film can also provide for the ex- 35 
change of oxygen, nutrients, water, and wound 
exudate to and from the tissue site. In addition, an 
effective amount can be that amount of the liquid 
composition which provides an effective amount of 
a biologically active agent. 40 

The film can preferably be applied by spraying 
to the tissue site. The film can act to fonm a 
mechanical microbial barrier while allowing suffi- 
cient exchange of water, oxygen, nutrients and 
wound exudate. The film can also t>e sufficiently 45 
strong to bind or hold tissue together, like a suture 
or to hold tissue apart as a surgical barrier. Option- 
ally, the film can act to deliver at least one biologi- 
cally active agent which can promote wound heal- 
ing and tissue regeneration, prevent infection so 
and/or provide pain relief. By way of example, a 
film dressing containing an antibiotic and tissue 
growth factor may be sprayed onto burned skin 
where it could promote healing, prevent infection 
and regulate oxygen, water and nutrients to the 55 
tissue. 

Administration of the composition as treatment 
for injured tissue ultimately will be accomplished 



according to the wisdom and protocol of the pat- 
ent's: attending health care professional. Choice of 
the particular composition, including which, if any, 
biological agents to add, will depend on the mal- 
condition or condition to be treated, which choice 
will tie made by the attending health care profes- 
sional. Without a bioactive agent, the composition 
protects the injured tissue site from microbial and 
mechianical insults, binds tissue together, and pro- 
motes wound healing by ensuring adequate ex- 
change of oxygen, nutrients, water and wound ex- 
udatej. With a bioactive agent, the composition will 
functibn in such capacities and/or additionally pro- 
vide ttie properties of the bioactive agent, like anti- 
inflanimatory action or pain relief. 

The invention will be described with reference 
to various specific and preferred embodiments and 
techniques, however, it should be understood that 
many! variations and modrfications can be made 
while remaining with the spirit and scope of the 
invention. 

EXAMPLE 1 

Film Blodegradablllty Study 

A; mixture comprising atx)ut 5% of an 
equinriolar mixture of sodium cart)onate and cifric 
acid, alXHJt 60% N-methyl pyrrolidone. and abovX 
3.5% iof a 50/50 fcopolyn^ of poly{dl-lactide) and 
poly(€fcaprolactone) was prepared by suspending 
the scidium cart>onate and citric acid in the polymer 
solution. The polymeric mixture was placed sub- - 
cutan^ously in rabbits to form a thick film in sitii. 
The siampjes were left for 8 weeks. Polymers were 
recovered from sut)Cutaneous sites and the recov- 
ered polymers were analyzed by gel permeation 
chronriatography to determine molecular weight. No 
polynrier could be found after two months indicating 
compiete biodegradation. 

EXAMPLE 2 

Drug Release Profile 

A: mixture comprising about 5% of a 50/50 
copolymer of poly(dl-lactide) and poly(f-caprotac- 
tone).;atx)ut 5% doxycycline, and about 85% N- 
methyl pyrrolidone was prepared according to Ex- 
ample 1. The polymer mixture was then sprayed 
onto a substrate and drug release was evaluated. 
The substrate was dialysis tubing incorporated into 
a diffusion cell and maintained at 37 'C. One side 
of the: diffusion cell was filled with phosphate buf- 
fered saline (pH = 7.4) and the other with ambient 
air. The side of the dialysis tubing exposed to air 
was sprayed with the polymer mixture, and the 
diffusion of doxycycline out of the polymer film 
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through the dialysis tubing and into the phosphate 
buffered saline was measured. Doxycycline in the 
phosphate buffered saline was detected by high 
performance liquid chromatography. 

The results, summarized in Fig. 1, show that 
there was an initial burst of drug release in the first 
4-6 hours. The initial burst was followed by slow 
release of the drug which was measured for at 
least 42 hours. 

EXAMPLE 3 

Drug Bloactivlty Study 



Film Barrier Study 
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A mixture comprising about 5% of a 50/50 
copolymer of poly(dl-lacttde) and px)ly(f-caprolac- 
tone), about 5% amikacin and 85%; N-methyl pyr- 
rolidone was prepared according to Example 1. A 
similar mixture was prepared but without amikacin 
as follows: atx)ut 5% of a 50/50 copolymer of poly- 20 
(dl-lactide) and poly(<-caprolactone) was mixed with 
90% N-methyl pyn-olidone according to Example 1 . 
Several agar plates seeded first with Pseudomonas 
aeruginosa were then sprayed with either a mixture 
containing polymer and amikacin, polymer alone or 25 
were untreated, and then observed for t>acterial 
growth after 24 hours of incut)ation. No growth was 
seen on plates treated with the polymer/amikacin 
film, whereas untreated plates and plates with poly- 
mer film alone showed growth. The amikacin-con- 30 
taining polymer film was effective in preventing 
microbial growth indicating bioactive amikacin was 
released from the polymer film. 

The polymer films were subsequently removed 
from the agar surface and the plates were re- 36 
inoculated with fresh viable Pseudomonas 
aeruginosa, and incubated for 24 hours. The results 
indicate that even after removal of the polymer 
containing amikacin no microbial growth was seen. 
The polymer control and untreated plates exhibited 40 
growth. The amikacin applied via the polymer film 
was released, diffused into the agar, and was 
bioactive in preventing the growth of Pseudomonas 
aeruginosa even after removal of the 
amikacin/polymer film. 45 

EXAMPLE 4 



50 



A mixture comprising atx)ut 5% of 50/50 
copolymer of poly(dl-lactide) and poly((-caprolac- 
tone) and atout 90% of N-methyl pyrrolidone was 
prepared according to Example 1 . A similar mixture 
with amikacin was prepared as in Example 3. The 65 
mixtures were applied to sterile agar plates. The 
surface of the polymer film was inoculated with 
either a non-motile strain of Staphylococcus aureus 



or a motile strain of Proteus vulgaris and the plates 
were examined for growth after 24 hours of incuba- 
tion. No growth was observed on plates with the 
polymer film indicating that the organisms could 
not: diffuse or move through the polymer film to 
reach the agar surface. Growth was observed on 
plates inoculated in the absence of the polymer 

mm. 

The polymer film was then carefully removed 
and the plates reincubated for 24 hours. The re- 
sults indicate that no growth was observed in the 
reinicubated plates and. thus, the polymer film ac- 
ted las an effective barrier to microbial growth by 
preventing organism penetration. 



EXAMPLE 5 



Water Diffusivlty Study 

A mixture comprising about 5% of 50/50 
copolymer of poly(dl-lactide) and poly(*-caprolac- 
tone) and 90% of N-methyl pyrrolidone was pre- 
pare according to Example 1. The mixture was 
sprayed onto one side of a very porous filter mem- 
brane. The membrane was placed in a chamt^er so 
that I the polymeric film coated side was in contact 
with; an aqueous solution at 37 'C, and the other 
side of the membrane was in contact with dry 
nitrogen gas. The dry nitrogen gas was continually 
purged into a pre-weighed gas collection tub>e filled 
with; desiccant. The increase in weight of the des- 
iccaht was used to calculate a water diffusivity 
value. The water diffusivity of the aerosoled poly- 
mer; is about 60 gm/cm^/hour x 10"^ intermediate 
between of a very permeable barrier, like 
gauze (about 135 gm/cm^/hr x 10"*), and a very 
nonpermeable barrier, like Saran® Wrap (about 2 
gm/cm^/hr x 10~^). The water diffusivity of the 
polymeric film is approximately equal to a wound 
dressing like Duoderm® (80 gm/cm^/hr x 10"*). 

EXAMPLE 6 

Treatment for Burned Skin 



A mixture can be prepared comprising about 
5% :of a 50/50 copolymer of poly (dl-lactide) and 
poly(€-caprolactone), about 3% amikacin, 1% epi- 
derrrial growth factor, 1% triethylcitrate, and 85% 
N-mfethyl pyrrolidone. The polymer mixture can 
then be loaded into a polyethylene vial equipped 
with i a dip tube connected to a Freon ^" -loaded 
aerosol can. The polymer mixture will then be 
sprayed onto burned skin and evaluated for protec- 
tion i against infection and promotion of healing of 
the skin. 



11 



21 



EP 0 560 014 A1 



22 



EXAMPLE/ 

Wound Treatment 

A mixture can be prepared comprising about s 
10% of a 50/50 copolymer of poly(dl-lactide) and 
poly{f-caprolactone), about 0.5% polymyxin, about 
0.5% vancomycin, and 89% N-methyl pyrrolidone. 
The polymer mixture will be loaded into a polyeth- 
ylene vial equipped with a dip tube connected to a w 
Freon™ -loaded aerosol can. The polymer film will 
be sprayed onto a surgical incision to bind the 
incision together, like a suture. TTie polymer film 
will be evaluated for adhesion, flexibility, and 
wound healing. rs 

EXAMPLES 

Treatment of Rashes 

20 

A mixture can be prepared comprising about 
8% of a 50/50 copolymer of poly(dl-lactide) and 
poly(€-caprolactone), at)out 1% or less 1-(o-chloro- 
a-adiphenolbenzoI)imidazole, 0.5% polymyxin b- 
sulphate, abotst 0.5% bacitracin, and 90% N-methyl 25 
pyrrolidone. The polymer mixhire will be loaded 
into a polyethylene vial equipped with a dip tube 
connected to a Freon™ -loaded aerosol can. The 
polymer film will then be sprayed onto a skin rash 
and skin will be observed for healing of the skin 30 
rash over time. 

EXAMPLE 9 

Treatment of Genital Herpes 35 



A mixture can be prepared comprising akK>ut 
1% of acyclovir, about 1% ibuprofen, about 10% 
triethylcitrate, and about 6% of a 50/50 copolymer 
of poly(dl-lactide) and poly(€-caprolactone), and 40 
83% N-methyl pyrrolidone. The polymer mixture 
will t>e loaded into a polyethylene vial equipped 
with a dip tube connected to a Freon ™ -loaded 
aerosol can. The polymer film will then be sprayed 
onto genital herpes lesions and will be evaluated 45 
for pain relief, healing, and capacity to act as a 
barrier to virus transmission. 

EXAMPLE 10 

50 

Treatment of Mouth Sores 



A mixture can be prepared comprising about 
2% benzocaine. about 0.5% phenol, about 5.0% of 
a 50/50 copolymer of poly(dl-lactide) and poly(€- 55 
caprolactone), and 97.5% N-methyl pyrrolidone. 
The polymer mixture will b>e loaded into a polyeth- 
ylene vial equipped with a dip tube connected to a 



Freoh ™ -loaded aerosol can. The polymer mixture 
will bje sprayed onto mouth sores and evaluated for 
pain relief and wound healing. 

Claims 

1. An apparatus for forming a biodegradable film 
dressing on a human or animal tissue which 
comprises: 

a) a liquid composition having a formulation 
of a biodegradable/bioerodible thermoplastic 
polymer that is substantially insoluble in 
: aqueous or body fluids, and an organic sol- 
: vent that is substantially miscible or dis- 

persible in aqueous or body fluids; 
: b) a vessel containing the liquid composi- 
tion; and 

; c) a dispensing means in fluid connection 
; with the liquid composition so that the liquid 
; composition can be applied to the human or 
: animal tissue. 

Z Ah apparatus of claim 1, wherein the dispens- 
irjg means comprises an aerosol propellant 
within the vessel; and a valve and nozzle 
nriechanism attached to the vessel for spraying 
the liquid composition. 

3. Ajfi apparatus of claim 2. wherein the vessel 
with valve and nozzle mechanism is an aerosol 
can. 

4. Ah apparatus of claim 1, wherein the dispens- 
irig means is a pump spray component. 

5. Ah apparatus according to claim 4, wherein the 
vessel is a bottle. 

6. Ah apparatus according to claim 1 , wherein the 
liquid composition further comprises a pore 
fdrming agent. 

7. Ah apparatus according to claim 2, wherein the 
pore forming agent is a sugar, salt, or water 
soluble polymer, or a water insoluble polymer 
that rapidly degrades to water soluble polymer. 

8. An apparatus according to claim 1 , wherein the 
biodegradable bioerodible thermoplastic poly- 
mer is selected from the group consisting of 
polylactides, polyglycolides, polycaprolac- 
tones, polyethylene glycols, polyanhydrides, 
polyamides, polyurethanes. polyesteramides, 
polyorthoesters. polydioxanones, polyacetals, 
polyketals. polycartK>nates, polyorthocar- 
l)6nates, polyphosphazenes, polyhydrox- 
ylHJtyrates, polyhydroxyvalerates. polyalkylene 
oxalates, polyalkylene succinates, poly(malic 
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acid), poly(amino acids), poly methyl vinyl 
ether), chilin. chltosan, and copolynf>ers. ter- 
polymers, and any combination thereof. 

9. An apparatus according to claim 1. wherein the 5 
organic solvent is selected from the group 
consisting of N-methyl-2-pyrrolidone. 2-pyr- 
rolldone, ethanol, propylene glycol, acetone, 
acetic acid, ethyl acetate, ethyl lactate, methyl 17. 
acetate, methyl ethyl ketone, dimethylfor- io 
mamide, dimethyl suboxide, dimethyl sulfone, 
tetrahydrofuran. caprolactam, decylmethylsul- 

foxide, oleic acid, propylene cartx)nate. N,N- 
diethyl-m-toluamide. and 1- 18. 

dodecylazacycloheptan-2-one, and any com- 15 
bination thereof. 

10. An apparatus according to claim 1, wherein the 

liquid composition further comprises at least 19. 
one biologically-active agent. 20 

11. An apparatus according to claim 10. wherein 
the biologically-active agent is a polypeptide or 
derivative thereof derived from a natural, syn- 20. 
thetic, or recombinant DNA source. 25 

12. An apparatus according to claim 10, wherein 

the biologically-active agent is selected from 21. 
the group consisting of antibacterial agents, 
antiviral agents, antifungal agents, antiparasitic 30 
agents, anti-inflammatory agents, antihista- 
mines, anaesthetics, analgesics, anticholinergic 
agents, anti-neoplastic agents, growth factors, 
hormones, hormone regulators, cardiovascular 
agents, tranquilizers, CNS agents, osteo-induc- 35 
tive agents, kerolytic agents, ultraviolet screen- 
ing agents, antiperspirants, and vitamins and 
mixtures thereof. 

ia An apparatus according to claim 10. wherein 40 
the liquid composition further comprises an 
agent which alters the release of the 
biologically-active agent. 22. 

14. An apparatus of claim 1, wherein the liquid 45 
composition further comprises a plasticizer. 23. 

15. An apparatus according to claim 1, wherein the 
liquid composition further comprises a color- 
ant- 50 24. 

16. A method of forming an in situ biodegradable 
film dressing on a human or animal tissue, 
comprising the steps of: 25. 

dispensing an effective amount of a liquid 55 
composition on the tissue, the liquid composi- 
tion having a formulation of a biodegradable, 
bioerodible thermoplastic polymer that is sub- 



stantially insoluble in aqueous or body fluids, 
and an organic solvent that is substantially 
miscible or dispersible in aqueous or body 
fluids; and 

contacting the liquid composition with an 
aqueous based fluid to coagulate or solidify 
the film dressing on the tissue. 

The method according to claim 16, wherein in 
the dispensing step comprises spraying, paint- 
ing or squirting the liquid composition on the 
tissue. 

The method according to claim 16, wherein in 
the contacting step comprises contacting the 
liquid composition with a txxly fluid present on 
the tissue. 

The method according to claim 16. wherein in 
the contacting step comprises contacting the 
liquid composition with an aqueous-based fluid 
that is applied to the tissue. 

The method according to claim 19. wherein the 
aqueous-based fluid is applied after the liquid 
composition. 

A method for treating injured tissue of a human 
or animal, comprising: 

administering an effective amount of a liq- 
uid composition to form a film dressing which 
covers the injured tissue, the liquid composi- 
tion having a formulation of a 
biodegradable/bioerodible thermoplastic poly- 
mer that is substantially insoluble in aqueous 
or body fluids, and ah organic solvent that is 
substantially miscible or dispersible in aqueous 
or tKXly fluids; and 

contacting the liquid composition with an 
aqueous teased fluid to coagulate or solidify 
the film dressing on a human or animal tissue. 

The method according to claim 21, wherein the 
human or animal tissue is burned skin. 

The method according to claim 21 , wherein the 
film dressing is capable of enhancing tissue 
regeneration. 

The method according to claim 21. wherein the 
film dressing is capable of binding together 
tissue. 

The method according to claim 21 , wherein the 
film dressing is capable of keeping tissue sep- 
arated. 
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26. The method of claim 21. wherein in step (a), 
the liquid composition further comprises at 
least one biologically active agent. 

27. A liquid composition suitable for forming an in s 
situ biodegradable film dressing on a human or 
animal tissue comprising: a liquid formulation 

of a biodegradable bioerodible themioplastic 
polymer that is substantially insoluble in aque- 
ous or body fluids and an organic solvent that io 
is miscible or dispersible in aqueous or body 
fluids, and wherein the composition has a vis- 
cosity which effectively allows for aerosoliza- 
tion, and wherein the composition is capable of 
coagulating or solidifying to form a film dress- 15 
ing upon contact with an aqueous-based fluid. 

28. A spray apparatus for forming a biodegradable 
film on a human or animal tissue which com- 
prises: 20 

(a) a liquid composition having a formulation 
of a biodegradable/bioerodible thermoplastic 
polymer that is substantially insoluble in 
aqueous or body fluids and a liquid aerosol 
propellarrt; 25 

(b) a vessel containing the liquid composi- 
tion and the aerosol propellant; and 

(c) a valve and nozzle mechanism which are 
integral to the vessel and in contact with the 
liquid composition and aerosol propellant so 30 
that the liquid composition can be sprayed 

on the human or animal tissue. 

29. A biodegradable microporous film dressing 
comprised of a skin and a core portion. 35 
wherein the skin portion has pores with a sub- 
stantially smaller diameter than the pores of 

the core portion, and the film is formed from a 
liquid composition of a biodegradable bioerodi- 
ble thermoplastic polymer that is substantially 40 
insoluble in aqueous or tx>dy fluids and an 
organic solvent which has t>een coagulated or 
solidified by contact with an aqueous or tKxJy 
fluid. 

45 

30. The film dressing of claim 29, wherein the core 
portion is under the skin portion and in contact 
with the tissue. 

31. The film dressing of claim 29. wherein the skin 50 
portion is under the core portion and in contact 

with the tissue. 
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